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NUAIR

NUAIR (Northeast UAS Airspace Integration Research Alliance, Inc.) provides expertise in unmanned
aircraft systems (UAS) operations, aeronautical research, safety management and drone integration
services. NUAIR pilots are certified in quadcopters, fixed-wing, and multi-rotor unmanned aircraft
systems of all sizes and have tested multiple different platforms and missions for global companies,
including validating systems to current industry and international standards. A majority of the NUAIR staff
are retired, high-ranking United States Military officers who specialized in piloting, testing, and

maintaining manned and/or unmanned aircraft.

NUAIR manages operations of the New York UAS Test Site at Giriffiss International Airport in Rome, NY,
one of just seven FAA-designated UAS test sites in the United States and is responsible to the FAA and
NASA to conduct operations for UAS testing. NUAIR is responsible for the continued development and
advancement of New York’s 50-mile UAS corridor, facilitating beyond visual line of sight testing,
commercial operations, and the safe integration of UAS into the national airspace.

Crown Consulting Inc.

Crown Consulting Inc. is shaping the future of air
transportation with concept development, design
and deployment of systems and aircraft. Crown
brings more than three decades working with the
Federal Aviation Administration, NASA, states,
and industry. Our Science & Research, Programs
& Engineering and Integration & Infrastructure
teams integrate industry-leading air mobility
technology and planning support, engineering,
information solutions and advanced analytics that
enhance system performance and provide robust
solutions for government and industry clients.

Boeing

The Boeing Company, led by Boeing Research
and Technology, Boeing NeXT and subsidiary
Aurora Flight Sciences, are actively working on all
aspects of autonomy, including vehicle designs for
future Advanced Air Mobility (AAM) and Cargo
applications, airspace and airport/vertiport
integration of manned and unmanned systems,
technology and contingency management
development of key autonomy systems and
subsystems, and regulatory engagement. These
global activities leverage Boeing’s legacy of
manned flight to ensure a safe, integrated future
airspace for manned and unmanned systems.

5-Alpha

Mosaic ATM

The corporate mission statement of Mosaic ATM
is “To Increase the Capacity and Improve the
Efficiency of Global Air Transportation Systems.”
Leveraging our strengths in the ATM domain is
one of our core corporate strategies. In a relatively
short time, Mosaic has established themselves as
a major contributor in the pursuit of ATM decision
support capabilities and the development and
analysis of such concepts.

Deloitte

Deloitte is a global firm with over 264,000
employees located in 800+ offices in more than
150 countries and territories. We have presence
across all Government Agencies and numerous
commercial sectors including a majority of Fortune
500 companies. As strategic advisors, we help the
world’s most advanced companies and
organizations understand all the ways in which
emerging technologies can be employed and
develop strategies to maintain their industry
dominance. We are also in the forefront of helping
State and Local clients understand the economic
impact of emerging technologies such as UAS and
UAM and how best to attract industry and create
economic opportunities in their regions.

Mr. Alexander is the president of Five-Alpha LLC, and has designed vertical lift infrastructure for private,
public, corporate, and DOD applications for 20 years. As a U.S. Helicopter Safety Team volunteer, Mr.
Alexander has led, organized, and co-chaired the USHST Government/Industry Infrastructure Summit in
Washington, DC for the past six years. As the Vertical Flight Society’s (VFS) Infrastructure Adviser, Mr.
Alexander is the primary liaison on helicopter and VTOL infrastructure for VFS to the FAA, ICAO, NFPA,
GAMA, ASTM, and NASA. His breadth of knowledge and experience in this area are unmatched in the

aviation industry.
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1 Introduction

The National Aeronautics and Space Administration (NASA) vision for Advanced Air Mobility (AAM)
includes Urban Air Mobility (UAM) - a concept involving vertical takeoff and landing (VTOL) aircraft,
decentralized (or federated) traffic management, and new infrastructure to support urban, suburban, and
rural flight operations. High-density performance-based routes or corridors enable prompt transportation
of people and goods from node to node, where each node represents a vertiport, defined as an
identifiable ground or elevated area used for the takeoff and landing of VTOL aircraft. In the presence of
uncertainty surrounding aircraft turnaround time on the ground, vertiports are the critical end points in
scheduling, sequencing, and spacing (SSS) of aircraft in dense metropolitan environments. This Concept
of Operations (ConOps) includes vertiports of varying sizes, configurations, service offerings, and
locations. UAM air vehicles include conventional rotorcraft, uynmanned VTOL aircraft, and novel piloted
VTOL aircraft. This ConOps focuses on operations at a high-density vertiport, supported by a Vertiport
Automation System (VAS) with high-throughput operation capabilities under conditions defined as NASA’s
Urban Air Mobility Maturity Level Four (UML-4).

1.1 Purpose and Scope

This ConOps serves multiple purposes, as discussed below.

1) Serve as a communications tool.

a) The industry is fragmented, and the vision is unclear on how vertiports will be integrated with
VTOL aircraft, fleet operators, air charter brokers, and an unmanned aircraft system (UAS) traffic
management (UTM)-inspired provider of services to UAM (PSU) Network.

b) This document provides a consolidated view to guide future technology developers and
innovators in creating solutions.

2) Document a representation of community views of an automated vertiport system.

a) Various stakeholders have unique needs and perspectives on how vertiports should be integrated
into UML-4 concepts.

b) Judgments from 17 subject matter expert (SME) interviews, discussions with NASA engineers,
and team partner feedback were consolidated and prioritized to reflect both bullish and bearish
views on the functional needs for vertiport automation and integration.

3) Define the roles and responsibilities of vertiport users, vertiport operators, and connected
stakeholders.

a) The ConOps considers a broad range of concepts to identify who is responsible, accountable,

consulted, and informed across nominal vertiport operations.
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b) The roles of stakeholders affected by vertiport functional requirements and assumptions under
nominal and off-nominal scenarios are key elements to carry forward in developing technical
system solutions.

4) Serve as a basis to develop vertiport automation prototype requirements, specifications, data
interface requirements, and system performance criteria.

a) The functions of the vertiport, automation capabilities, functional requirements, and ecosystem
integration considerations all play a critical role in developing technical systems for vertiport
operations.

b) This ConOps provides details and information necessary to develop a software architecture and
requirements for building a prototype VAS.

5) Identify technology, regulatory, and research needs for vertiport operations.

a) UML-4 relies on convergence of the maturation of innovative technologies and the modification or
development of certification standards. Examples include certification of PSUs, fleet operators,
aircraft, vertiport zoning and noise allowances, and autonomy.

b) Identifying technology and regulatory gaps that must be bridged from the current to the future

states will help to achieve the automation capabilities required for high-density operations.

This ConOps focuses on aircraft operations within the Vertiport Operations Area (VOA) and Vertiport
Volume (VPV) and on the surface of the vertiport. As illustrated in Figure 1, the VOA is the outermost
volume surrounding an individual vertiport or several vertiports in which flight operations much be
coordinated with a PSU. The VPV is the innermost volume surrounding an individual vertiport that is
managed by that vertiport and within which fleet operators must coordinate with the vertiport operator.
More specifically, the scope encompasses the communications (including active negotiations and passive
information sharing) among various stakeholders in nominal and off-nominal scenarios. At a high level,
this ConOps views the vertiport as a resource ready to accommodate and negotiate reservations to
operate into and out of the vertiport. This ConOps works through the complexities of adapting to varying

business models with various levels of service capabilities.

This document identifies important assumptions based on community SME interviews, NASA’s UML-4
ConOps, and internal team expertise. Topics beyond the scope of this ConOps include airspace
management, the definition of arrival and departure routes, and day-to-day management of vertiport

operations, including landside coordination, maintenance and repair, and vendor management.
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Figure 1: VOA and VPV Sample Boundaries for a Notional Vertiport

This ConOps first addresses the current state of heliport, airport, and vertiport operations. Each element
of heliport, airport, and vertiport infrastructure plays a distinct role which is clearly defined in terms of gate-
to-gate operations. The document then discusses the current state of the art (SoA) of technologies, with a
focus on how automation is integrated into operations. The SoA includes various stakeholders, including
aircraft; flight crew; communications, navigation, surveillance, and information (CNSI) infrastructure; fleet
operator; and air navigation service provider (ANSP). Future vertiport technologies must be synergistic
within the larger ecosystem - i.e., technology across stakeholders must be interoperable under all
scenarios. Challenges and barriers associated with current-day operations and technologies establish the
motivation for change to a future state. This ConOps next defines the envisioned future state,
summarizing community-aligned views on vertiport operations and describing the automation capabilities
necessary to support high-density vertiport takeoff and landing operations. Nominal and off-nominal
scenarios illustrate the operation of the proposed VAS and the role of external stakeholders in supporting
vertiport operations. The scenarios are meant to be  with respect to the mission, aircraft types, or
location of operations. The ConOps concludes with an analysis of the proposed solution, including a
summary of improvements, disadvantages, and trade-offs considered.

1.2 Assumptions and Constraints

The following assumptions apply throughout this ConOps at UML-4. Assumptions taken from NASA UAM
Vision ConOps UML-4 or FAA UAM ConOpsv1.0 are identified as such.

1) UAM operations will be conducted under a new set of regulations derived from 14 Code of Federal
Regulations (CFR) Part 61, 91, 119, and 135. (NASA UAM Vision ConOps UML-4)

2) Density refers to air traffic density and is defined as the number of UAM aircraft simultaneously aloft at
any time within a single metropolitan area, assumed to be 100s of simultaneous, medium-complexity
aircraft operations at UML-4. (NASA UAM Vision ConOps UML-4)
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Throughput rate refers to the number of aircraft takeoffs and landings within a one-hour time span at a
vertiport.

a) This value is taken as the assumed average value of hourly throughput rates.
b) High-density vertiports refer to the throughput rate at UML-4.

c) The UML-4 peak hourly rate for busier vertiports could be as high as 80 to 120 operations per
hour, per interviews with a potential UAM Operator’.

Air navigation services are provided by PSUs qualified by the Federal Aviation Administration (FAA)
and may include FAA involvement in air traffic operations. (NASA UAM Vision ConOps UML-4)

a) The PSU Network is federated, wherein multiple PSUs may operate in a geographic area. (NASA
UAM Vision ConOps UML-4)

b) The PSU may rely on third party supplemental data service providers (SDSPs) to assist in
managing air traffic, such as providing low-altitude surveillance or weather information, as well as
middleware providers, including telecommunications and security providers. (NASA UAM Vision
ConOps UML-4)

Aircraft will be required to be properly equipped to meet applicable standards for operation in the
UAM operations environment (UOE) and subscribed to a PSU to operate in a UOE. (NASA UAM
Vision ConOps UML-4)

A UOE is a volume of airspace in which only PSU-participating aircraft can operate safely. It may be a
corridor surrounding high-density routes, a UAM departure or arrival area around a Vertiport, or in the
farther term it may evolve to envelop multiple high-density routes or airspace serving only UAM-like
vehicles.

The FAA has on-demand access to UOE operational information and can dynamically modify the
allowable UOE airspace or high-density routes. (NASA UAM Vision ConOps UML-4) (FAA UAM
ConOpsv1.0)

All vertiport operations assume predetermined approach and departure fixes, and the vertiport does
not manage air traffic in the VOA. The PSU manages the airspace and may switch between
established fixes due to various reasons and constraints, such as weather.

Air traffic will be a mix of manned and unmanned aircraft (remotely piloted or supervised), comprising
manually piloted, semi-automated, and fully automated air vehicles. (NASA UAM Vision ConOps
UML-4)

' The notional range of throughput values is derived from NASA’s UML-4 description (“hundreds of simultaneously airborne aircraft
in a metropolitan region”) and from interviews with potential UAM Operators
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10) Flight crews, either remote or onboard the aircraft, are responsible for control-by-exception in case of
off-nominal situations and can support voice instead of digital communications with the vertiport
operator (onsite or remote) as needed. Several state governments are currently developing concepts
for remote operations. (NASA UAM Vision ConOps UML-4) (FAA UAM ConOpsv1.0)

11) Operations within a UOE require performance authorization from the FAA. (NASA UAM Vision
ConOps UML-4) (FAA UAM ConOpsv1.0)

12) CNSI technology will be onboard the aircraft to share necessary data with the necessary
stakeholders, such as the vertiport. (NASA UAM Vision ConOps UML-4)

13) Vertiports may need to comply with local, state, or federal regulatory policies, maintain and collect
compliance data, and provide compliance documentation as needed. (NASA UAM Vision ConOps
UML-4) (FAA UAM ConOpsv1.0)

a) FAA will establish new standards for vertiports of varying sizes (vertihubs, vertiports, vertistops) or
modify existing 14 CFR Part 139 Airport Certification standards for public vertiports.

14) The PSU is responsible to act as the broker of departure time, arrival time, routing, and contingency
alternative vertiports, as well as assisting in SSS for departures and arrivals down to the vertiport
touchdown and liftoff (TLOF) pads.

a) The VAS manages ground-based scheduling, sequencing, and movement across the vertiport
surface, provides aircraft with surface movement four-dimensional (4D) surface trajectories
(latitude, longitude, height above vertiport surface, and time), and assures that the 4D trajectories
are clear of obstacles and other traffic.

b) The VAS provides a standard interface for PSUs to access vertiport information about resource
availability, aircraft servicing, and any other vertiport-supplied resources.

c) Information is shared bidirectionally between the PSU and vertiport.

d) Aircraft have vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communication
capabilities for tactical air and ground separation and spacing. (NASA UAM Vision ConOps UML-
4)

15) The VAS is responsible for the scheduling and sequencing of vertiport resources and coordinating
with external stakeholders to support high-density operations. The VAS will have a highly automated
scheduling tool capable of vertiport pad allocation and 4D surface trajectory sequencing or other
vertiport resource assignments, leveraging vertiport ground-based sensor infrastructure and
information shared from supporting stakeholders.

16) Vertiports will be owned by private or public entities and may be owned by a fleet operator, air charter
broker, or private PSU organization. (NASA UAM Vision ConOps UML-4)
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17) Vertiports are classified based on size, relative height of pad above ground level, throughput, aircraft

capability accommodation, gates, and type of ownership entity.

18) UML-4 is backward-compatible with the business use cases in UML-1 to -3. (NASA UAM Vision
ConOps UML-4)

19) The VOA and VPV will be charted on aeronautical charts for informational purposes.

20) There will be a system-wide community-based or FAA-established UAM prioritization scheme for
arrivals and departures across vertiports. (NASA UAM Vision ConOps UML-4)

21) UAM aircraft will follow four-dimensional (4D) required navigation performance (RNP) trajectories to
enable a safe and efficient airspace. (NASA UAM Vision ConOps UML-4)

22) UAS are permitted to enter the UOE only when its UAS Service Supplier (USS) coordinates entry with
the PSU Network. (NASA UAM Vision ConOps UML-4)

a) UAS may use a PSU, in lieu of a USS, to support vertiport arrival or departure operations.

1.3 Urban Air Mobility Maturity Level Mapping

Alignment with NASA’s UAM Framework is critical to enable scaling from current-state operations to
highly automated flights in densely populated urban environments. Accordingly, we developed four unique
mission-level use cases (referred to as use cases) aligned with UMLs 1 to 4 as a method to describe
scaling of automation capabilities at each UML. The four use cases are Utility Inspection, AAM Medical
Delivery, Urban Air Freight, and Urban Passenger Air Metro. Although a use case may align with more
than one UML, each use case is described in terms of an individual UML to clearly illustrate improvements

between UMLs. Figure 2 is a graphical representation of this relationship.

oML Utilty Inspection :
s ety Sooeooooooooo-ooo-ooon .
Vertiport Capability vUML2 - AAM Medical Delivery i Use
Levels umsy T Urban AT Freight i Cases
| UML-4 ! Urban Passenger Air Metro |

Figure 2: UML-to-Use-Case Progression
1.3.1 Use Case 1: Utility Inspection

Description: Medium-sized UAS are remotely deployed from vertiports to inspect and collect data on
structures such as transmission and distribution towers, utility lines, bridges, or buildings. The UAS fleet is
remotely monitored by the fleet operator at the fleet operational control center (FOCC), who ensures fleet
network safety by manually triggering flight operations, monitoring aircraft health and system integrity,
tracking aircraft maintenance needs, and performing flight-planning activities.
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Operations are centralized at the vertiport operational control center (VOCC), with geographically
distributed vertiports that house medium-sized UAS that are ready for remote deployment and pre-loaded
with mission data. Mission-critical data is shared via a cyber-secure network consistent with industry
standards such as ISO/IEC 27000-series. The driving business case is inspection of remote assets, which
involves the inspection and data collection of long lateral or tall vertical assets. Information derived from
flights could include red, green, blue (RGB) imagery, light detection and ranging (LiDAR) point clouds,
thermal imagery, and multispectral imagery. The fleet operator is responsible for coordinating departures
with the subscribed PSU, pre-flight planning, individual aircraft health monitoring, fleet surveillance,
keeping maintenance logs, and time- or need-based inspection of aircraft. Operational routes will be FAA
pre-authorized routes for beyond-visual-line-of-sight (BVLOS) automated operations in which the aircraft
performs a defined mission, executing the pre-programmed mission and returning to the origin or
destination vertiport. A human vertiport manager monitors events such as aircraft launch and recovery,
successful internet connection for data upload or download, and infrastructure health status. Activities to
support operations take place routinely, either on a set frequency or in programmed cadences. A remote
pilot will monitor several aircraft through a centralized fleet management system.

1.3.2 Use Case 2: Advanced Air Mobility Medical Delivery

Description. Patients, medical personnel, or equipment are transported within metropolitan areas by
conventional helicopters and UAM aircraft with or without a pilot onboard supported by both the PSU and
air traffic management (ATM) air traffic control (ATC).

Scaling from Use Case 1 with limited vertiport traffic, Use Case 2 air and surface traffic densities are
greater than for utility inspections, although Use Case 2 total demand is largely the same as current
medical delivery demand. Vertiport surface monitoring and surveillance will be automated through
additional sensor technology distributed on TLOF pads, while the vertiport is still monitored with
distributed cameras. Elements of the communications and negotiation with arrival and departure traffic,
using 4D trajectory-based operations (TBO) concepts, will be increasingly automated to promote the

efficient coordination of vertiport resources.

Traffic will be a mixture of highly automated aircraft and manned helicopters operating within this business
model. This mixture of traffic introduces complexity in the separation of traffic and requires automation of
routine coordination between digital systems with humans in or on the loop for voice communications
when required. Additionally, both streams of traffic are managed either by the PSU for pilotless UAM
aircraft or by ATC for piloted helicopters in controlled airspace (ATC may delegate separation
responsibility to the pilot for a visual approach). The VAS must be compatible with both types of
operations. The higher tempo of operations will be supported through automation, including data link
communications with pilotless aircraft, interfacing between the vertiport and PSUs, and simplified vertiport

surface operations using methods such as navigational aid lighting or signals.
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Surface trajectory generation and conformance monitoring are vertiport manager manual functions in this
use case, ripe for future automation. PSU-requested information, such as vertiport pad status, availability,
pad configuration, and service offerings, are retrievable from a standardized vertiport external interface.
The vertiport manager coordinates with the PSU Network and ATC-managed traffic for arrivals and
departures based on prioritization of urgent medical deliveries and adherence to existing operational flight
rules, to include visual flight rules (VFR), and instrument flight rules (IFR). Vertiport facilities can range
from one parking spot at a remote location to multi-aircraft facilities at regional medical centers.

1.3.3 Use Case 3: Urban Air Freight

Descriptior. A mix of piloted and highly automated pilotless cargo aircraft operating in the same airspace
in a metropolitan area deliver or transport goods at a rapid operational tempo between sites such as
airport and regional distribution centers.

Vertiport traffic will be a mix of piloted, remotely piloted, and automated aircraft operating in and out of
vertiport pads at a rate as high as 40 to 80 operations per hour?. Use Case 3 introduces a regional
vertiport control capability, whereby multiple vertiports in a vicinity are managed from a central VOCC to
dynamically schedule resources across vertiports. This concept can be referred to as a vertiplex
comprising interdependent vertiports with potentially differing arrival and departure operations. All
information will be shared digitally between the vertiport and negotiating stakeholders, requiring stringent
cybersecurity standards and built-in system resiliency. The complete conversion to digital information-
sharing and communication enables increased vertiport automation for efficiency in negotiating use of
vertiport resources, servicing, vertiport configurations, and arrival and departure timing.

One or more TLOF pads will support arrivals and departures at each vertiport, with designated parking
and charging stations for transient and fixed-base aircraft, although these vertiport capabilities are not
required in Use Case 3. The increase in operational tempo requires a greater level of automation than
Use Case 2, to include fully automated multicast or network sharing of vertiport pad status, increased
efficiency in communications with PSUs and between PSU Networks, and issuing, communicating, and
negotiating surface trajectories (latitude, longitude, and time). The vertiport will manage surface
movement by providing navigational information to the aircraft and flight crew to traverse from pad to
destination within the vertiport. It is important to note that aircraft will be equipped with detect-and-avoid

capabilities for obstacle avoidance when following the 4D surface trajectory.

2 Operational tempo for UMLs 1 to 3 were derived by scaling from current state operations to the envisioned high-density UML-4
operational tempo of 80 to 120 operations per hour.
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1.3.4 Use Case 4: Urban Passenger Air Metro

Descriptiorr. Air metro services between urban and suburban vertiports use highly automated aircraft to
transport four to six passengers at a time in performance-based high-density routes on predetermined
routes.

Traffic density in the airspace will be as high as hundreds of aircraft at a time, driving individual vertiport
operations to as high as 80 to 120 operations per hour. Vertiports in Use Case 4 are large multi-landing
locations with a parking capacity of approximately 12 aircraft and may offer extensive service support
capabilities such as refueling or charging, vendor services, and long- and short-term parking for aircraft.
Although vertiports in urban centers are not likely to have the space needed to offer extended services,
high-service vertiports may be located in the periphery of urban centers, including at airports. Aircraft
tempo and turnaround time will tend to drive vertiport sizing requirements, the number of final approach
and takeoff (FATO) zones, the number of parking spots, and service offerings. Achieving the high
operational tempo drives the need for vertiport automation to manage dynamic resource scheduling and
assure safety and security of operations. Airspace complexity is increased, with multiple vertiports serving
aircraft approaching and departing in the same geographic region. Automation is highly integrated into
vertiport operations management, with limited human intervention in routine operations. The role of the
human operator shifts to oversight as in human-over-the-loop, handling off-nominal scenarios with
contingency or emergency procedures and direct human-to-human communications as needed. All
information is shared digitally at an appropriate pace for different consumers in the PSU Network, and the

network of operations is highly efficient and predictable in timing.

Table 1 summarizes the use cases.
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Table 1: UML-Use Cases Qualitative Descriptions

. . AAM Medical . . Urban Passenger
Utility Inspection . Urban Air Freight . d
Delivery Air Metro
UML UML-1 UML-2 UML-3 UML-4
Represents .all'llearly Provides additional Represents a significant | Introduces high traffic
. adopter of civilian UAS ) - . . . . .

Reasomng technoloay. Also business applications, increase in density, density, mixed VTOL

. 9y introduces advanced, complexity, and pace of | traffic, multiple vertiport
for provides an enhanced ; .

. business use case automated eVTOL operations due to the variants, and some

Selection aircraft, more integration of autonomy in aircraft and

incorporating BVLOS
automated operations.

automation.

automation.

vertiport operations.

Metropolitan

100 -1
Airspace 1 - 10 simultaneous 10 - 50 simultaneous 50 - 100 simultaneous si?r?ulta,r?ggus
P operations. operations. operations. T
Density :
Automated generation
Manual generation and and communication of - .
. . . Additional automation of
Limited surface communication of surface trajectories to conformance
movement surface trajectories, multiple locations on monitorind. anomal
Surface S surface navigational vertiport surface, ring, y
predominantly isolated aids at vertinort. pilot capable of s fin detection, and surface
Movement to landing and takeoff I v r.|p .r P! P . © yppori 9 trajectory replanning for
from TLOF pad visual navigation or multiple vertiports in off-nominal or
pad. pilotless aircraft sensor- | vertiplex, aircraft . .
L contingency scenarios.
based navigation. sensor-based
navigation.
rt f Itipl
Increased responsibility Slup.po or m.u Ll
. similar operations,
. of automation system, .
Provides more complex . capable of determining
. . capable of determining
operational scenarios throughput and turn-
. - . throughput and turn- .
with aircraft piloting mix, . around time based on
. . around time based on . .
A manual operation automated monitoring of avloads and not just the aircraft and
Verti assisted by various vertiport infrastructure, Ehgracteristics of payloads, but also other
ertlport unintegrated digital introduces information aircraft for a sinale type factors, such as
Operations and non- sharing with PSUs and . 9 ).'p weather, automation of
© digital applications. A fleet operators of operation, managing support monitoring
omplexi - , i .
P ty USS may be in place standard VFR and IFR sevgra |nqepenFIen functions such as
. . vertiports in vertiplex. .
for UAS operations. procedures. Likely Multiole PSU conformance. Multiple
single PSU operation, P PSUs, multiple high-
. operations, moderate . . .
limited route structure density vertiports, high-
. . route structure, VOAs .
between limited points. and VPVs at hiah density route structure,
density vertipor?s MO AR
i vertiports.
Manual ground
operations with a small | A small number of A growing number of
number of landing landing spots and landing spots (3-10), . .
Act b 1 1
spots (1-4), and a parking positions (1-4), increasing ratio of ctive u.r an vertipor
and vertiport network
Vertiport network of aircraft automated self- landing spots to parking cervin hFi) h-densit
Automation occupying vertiports, monitoring (open pad positions, automated o erat?ong automait,ed
some with multiple status, charging station broadcast of vertiport sth)atus auté)mated
and aircraft, some status), some status, increased o .
collaboration, allocation
Capabilities automated self- communicated communicated ’

monitoring of
resources, central
management of the
network.

allocation with PSU of
landing and takeoff
slots.

allocation with PSU of
landing and takeoff
slots.

of landing and takeoff
slots.

10

o NUAIR

MAKING FUTURE SKIES SAFER



HIGH-DENSITY AUTOMATED VERTIPORT CONCEPT OF OPERATIONS

1.4 Operational Stakeholder Descriptions

Table 2 summarizes the operational stakeholder roles mentioned and referenced throughout this ConOps.

Table 2: Operational Stakeholder Summary and Role Description

Stakeholder Role

Federal Aviation Create standards for vertiport design, vertiport operations, fleet
Administration operations, PSUs, the PSU Network, and flight critical SDSPs, and
(Regulatory Role) oversee UOE airspace.

For the purposes of this ConOps, the ANSP role is to receive and

Air Navigation Service _ _ ) _ _
provide relevant information for AAM flight operations. In the U.S., the

Provider (ANSP) FAA serves in the ANSP role in addition to its regulatory role.
Manage operations at one or multiple vertiports and support the safe
Vertiport Manager takeoff, landing, and surface operations of each incoming and outgoing

flight.

Manage the aircraft fleet, supporting personnel, and negotiations for
moving people or cargo from point-to-point.

Piloted, remotely piloted, or remotely supervised aircraft and the
individuals onboard or offboard the aircraft who perform the appropriate
Flight Crew and Aircraft | checks, communicate information to the necessary stakeholders,
navigate during flight and on the surface, monitor aircraft health status,
etc.

Manage flights using a cooperative data exchange platform that
Provider of Services to | provides a common operating picture and shared situational awareness
Urban Air Mobility for subscribed fleet operators and schedules aircraft in-and-out of UAM
airspace using volume reservations.

Provider of Services to | Fully integrated system consisting of multiple participating PSUs
Urban Air Mobility servicing the same metropolitan area and sharing resource information
Network across all stakeholders.

Fleet Operator

Data service providers supporting fleet operators, PSUs, vertiport
managers, and/or the PSU Network in providing information for the
management, coordination, and scheduling of flight operations.

State or local regulators create regulatory standards that may impose
environmental, infrastructure, and operational limitations which the
vertiport manager must monitor and comply with.

Supplemental Data
Service Provider

State and Local
Government

11 o NUAIR
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2 Current State

2.1 Description of the Current State

This section provides an overview of current-state operations as a basis for projecting how future vertiport
concepts will evolve from existing infrastructure, processes, and systems. According to 14 CFR § 157.2,
“airport” means any airport, heliport, helistop, vertiport, gliderport, seaplane base, ultralight flightpark,
manned balloon launching facility, or other aircraft landing or takeoff area., while “heliport” means any
landing or takeoff area intended for use by helicopters or other rotary wing type aircraft capable of vertical
takeoff and landing profiles.

Heliports and airports are briefly described, as well as innovative concepts for vertiports. Selected
examples of current helicopter operations and a general overview of aircraft designed with AAM in mind

provide additional context.
2.1.1 Heliports

A heliport is an area of space intended for the takeoff and landing of helicopters. Heliports vary in
complexity; most are simple designs with a TLOF pad surrounded by a FATO zone and safety area. FAA
heliport design standards assume there will never be more than one helicopter simultaneously within any
one FATO zone and its associated safety area. In today’s environment, heliports are selectively charted
on the low altitude sectional charts published by the FAA. Helicopter Route Charts, also published by the
FAA depict heliports; however, the FAA publishes these charts only for the following locations:

e Baltimore Washington

e Boston

e Chicago

e Dallas Ft Worth
e Detroit

e Houston

e Los Angeles
e New York
e Gulf Coast

Heliports are the most analogous current-state model for vertiports of the future. Today, the United States
has a total of 5,918 heliports on record in the FAA airport master record database, and 58 are listed as

public use.® The FAA provides recommendations for the design specifications of heliports in a 2012

3 “Developing Sustainable Urban Air Mobility Infrastructure that is Efficient, Safe and Regulatory Compliant,” Vertical Flight Society,
https://vtol.org/store/product/developing-sustainable-urban-air-mobility-infrastructure-that-is-efficient-safe-and-regulatory-compliant-
16408.cfm
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Advisory Circular (AC) 150/5390-2C, but these specifications are enforceable only if the heliport receives
federal grants through the Airport Improvement Program (AIP) or if the state or local municipality requires
them.* Further FAA guidance for heliport oversight and inspection is provided in Flight Standards
Information Management System (FSIMS) Order 8900.1.° Additionally, the FAA stipulated the use of
Heliport Advisory Circular 150/5390-2C for Instrument Flight Rule Operations (IFR) at Visual Flight Rule
(VFR) heliports.® Code standards covering building standards promulgated by the National Fire Protection
Association, as well as the International Fire Code, also apply to heliports. Additional regulations levied on
heliports include individual state regulations, some of which adopt FAA AC 150/5390-2C as well as the
building and fire code standards. As is the case with state governments, many cities and municipalities
adopt standards that range from minimal to very stringent. Also, several independent accreditation
standards organizations develop criteria for heliports. For example, the Commission on Accreditation of
Medical Transport Systems (CAMTS) develops standards for the helicopter air ambulance industry.

More than 90% of heliports are of the single-aircraft variety, with no additional parking, fuel, or services.”
Many of these heliports, some of which are in highly desirable urban locations, are now considered
inactive and are used only in case of an emergency. For example, San Francisco has several heliports
atop high-rise buildings that are inactive due to local ordinances governing noise levels. These facilities
are not to be confused with sites originally designated as emergency helicopter landing facilities (EHLF),
which are emergency evacuation sites required by building and fire codes and are not required to be
evaluated by the FAA. Indianapolis Downtown Heliport (8A4), New Orleans Downtown Heliport (7N0O), and
West 30th Street Heliport (KJRA) in New York are the only true heliports in the United States that have
ever received AIP funding. From 1996 to 2019, only $2.7 million was spent on those three heliports, while
$51.3 billion was spent on airports during the same period. Of the AIP funding spent on airports, $44
million was used for installing or upgrading helicopter infrastructure, such as lighting, markings, and ramp
space, at 51 public use airports. For example, Indianapolis Downtown has self-service Jet A refueling,
minor airframe and engine repair capabilities, an Automated Weather Observing System (AWOS), a
Pulse Light Approach Slope Indicator (PLASI), instrument approach procedures, and parking and tiedown
capabilities, as well as noise abatement procedures for the approach.

Under current operations, a helicopter flying under an IFR flight plan in controlled airspace would
generally conduct a point-in-space (PinS) instrument approach procedure to a VFR heliport under ATC.

4 “Will the FAA Have Authority over Vertiports for High-Volume Air Taxi Operations?” Aviation Today,
https://www.aviationtoday.com/2020/03/13/will-faa-authority-high-volume-air-taxi-operations/

5 FAA Order 8900.1, CHG 140 (3/3/11), Volume 8: General Technical Functions, Chapter 3: Miscellaneous Technical Functions,
Section 3 Evaluation and Surveillance of Heliports

8 FAA/DOT Order 8260.42B, Appendix A. Conditions and Assumptions for IFR to VFR Heliport (IVH) (Proceed Visually) Approach
Procedures

7 “Heliports: 25 Frequently Asked Questions and Answers,” HeliExperts International, https://heliexpertsinternational.com/heliport-
safety-educational-and-regulatory-information/heliports-25-frequently-asked-questions-answers/
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This procedure continues until the helicopter either enters visual meteorological conditions (VMC)
conditions for a proceed-VFR procedure or has visual contact with the landing environment upon reaching
the decision height for a visual landing. Today, there are no operational civil heliports in the United States
with instrument equipage, excluding those collocated at airports; any heliport that has an instrument
procedure is classified as a VFR heliport.® However, the U.S. military has some non-precision and
precision approach procedures to IFR heliports. Most instrument procedures are PinS, which are
established in special instrument flight procedures laid out by the FAA.°

If the airspace around the heliport is controlled Class B, C, D, or E airspace, and the pilot can see the
heliport and safely land the helicopter under VMC, the pilot will cancel the IFR flight plan with ATC and
land the helicopter. Alternatively, if the airspace surrounding the heliport is Class G, the pilot will cancel
the IFR flight plan when leaving ATC-controlled airspace, and the pilot will complete the mission under
VFR. Heliports collocated at controlled airports are under the control of ATC. ATC in controlled airspace
would come from a tower in Class D airspace, from a Terminal Radar Approach Control (TRACON) facility
in Class B, C, or E airspace, or from an Air Route Traffic Control Center (ARTCC) in Class E airspace.
The decision height for helicopters is typically 500 feet above ground level (AGL) or higher for a proceed-
VFR procedure. If the pilot conducting a proceed-visual procedure in controlled airspace does not have
visual reference of the landing environment when reaching the decision height, the pilot must execute a
missed approach. This discussion is specific to heliports; the approaches for helicopters into normal traffic

flows into airports is covered next.
2.1.2 Airports

An airport is an area designated for the takeoff and landing of aircraft, along with the surrounding facilities.
The facilities could include refueling, an air traffic control tower, maintenance, cargo handling, and other
capabilities. Airports range in size, uses, and capabilities, and they are classified based on the types of
operations they support. Commercial service airports serve aircraft that provide scheduled passenger
service, and cargo service airports serve only cargo-carrying aircraft. There are other types of airports as
well, such as reliever airports, which relieve overcrowded airports, and general aviation airports, which
support general aviation.

Airports are either towered or non-towered, and both types have procedures to maintain safe operations.
Towered airports have air traffic controllers and require two-way radio contact with ATC to obtain landing,
taxi, and takeoff clearances. If a flight originates from a Class B or C airport, the aircraft must be equipped
with a Mode C transponder.'® , Automatic Dependent Surveillance-Broadcast (ADS-B) Out is also

required within the Mode C veil, currently surrounding all primary Class B airports. Pilots follow the

8 FAA-H-8083-16B; Chapter 7, IFR Heliports, page 7-17.

9 “Special Instrument Flight Procedures”, FAA, https://www.faa.gov/air_traffic/flight info/aeronav/aero data/Flt Procedures Data/
10 “Operations at Towered Airports”, Air Safety Foundation, https://www.aopa.org/-/media/files/aopa’/home/pilot-resources/asi/safety-
advisors/sa07.pdf
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procedure laid out by ATC and need to be flexible to deal with changing conditions on the ground that
may result in a last-minute swap to another runway. Non-towered airports are the more common type and
have unique procedures to maintain safe operations. Right-of-way rules apply, and deconfliction, collision
avoidance, and sequencing are handled by the pilots, typically via the common traffic advisory frequency
(CTAF)."

Current airport operations differ from what is seen with heliports. At larger airports, the physical
infrastructure is separated from other transportation methods, and passengers and aircraft flow in and out
through a highly controlled environment. Terminal approach procedures at some airports are not based on
the short urban flights envisioned in the AAM concept; rather, they are designed to support conventional
fixed wing aircraft operations. Airports allow for helicopter operations provided that pilots use the
approach and departure procedures for fixed wing aircraft if conducting IFR operations, and pilots
approaching to land avoid the flow of fixed wing traffic if conducting VFR operations. These flights
typically require ATC clearance to enter the airspace and they are required to be equipped with the proper
radio and radar tracking equipment.'? Inclement weather causes lengthy delays and may require that
operations take place in higher-altitude airspace than is practical for UAM aircraft on shorter trips.'?

2.1.3 Vertiports

Vertiport is a collective term referring to areas designed specifically for UAM aircraft to take off and land.
FAA AC 150/5390-3 issued in 1991 provided guidance on vertiport design.’ The AC was cancelled in
2010, but the term vertiport still appears in 14 CFR 157."5 Vertiports will vary in levels of complexity, size,
automation, and capabilities to enable high-density operations.'® An early, potentially UML-1, example of
a vertiport could be a current heliport outfitted with automated sensing and direct human-to-human
communications capabilities for weather, wind, and visibility data. While no vertiport exists and operates
today, several developers are presenting concepts for vertiports as unique entities separate from heliports
and airports. These concepts are designed to support VTOL aircraft, promote urban integration, and

emphasize collaboration within the future AAM ecosystem.

For example, Volocopter, based in Germany, is developing a complete AAM ecosystem, including aircraft,
ground infrastructure, and air traffic management systems. The VoloPort, a proposed vertiport design, is
one part of the developing ecosystem. A VoloPort prototype, currently being developed in Singapore, is

11 “Operations at Nontowered Airports”, Air Safety Foundation, https://www.aopa.org/-/media/Files/AOPA/Home/Pilot-
Resources/AS|/Safety-Advisors/sa08.pdf

12 “Helicopter Operations”, San Francisco International Airport, https://www.flysfo.com/community/noise-abatement/helicopter-
operations

13 “Advancing Aerial Mobility”, The National Academies Press, https://www.nap.edu/catalog/25646/advancing-aerial-mobility-a-
national-blueprint

14 “AC 150/5390-3 Vertiport Design”, FAA,

https://www.faa.gov/regulations policies/advisory circulars/index.cfm/go/document.information/documentlD/23096

1514 CFR 1577, FAA, https://www.govinfo.gov/content/pkg/CFR-2012-title 14-vol3/pdf/CFR-2012-title 14-vol3-chapl-subchapl.pdf
16 “NASA AAM Vertiport Automation Trade Study - Final Draft”, Deloitte, Currently Unreleased
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designed to be a testing ground to demonstrate that a vertiport can support AAM operations. According to
Volocopter, the VoloPort will have planned customer services such as pre-flight checks and boarding
procedures alongside ground services such as battery swapping, charging, and maintenance.'” VoloPorts
are designed with modularity in mind, able to fit into a wide range of urban locations ranging from rooftops
to parking lots.'® Volocopter is looking to transition from the prototype stage to fully operational service at
the end of 2022 or the beginning of 2023."°

Like Volocopter, Lilium is developing their own vehicles and vertiport designs. Lilium’s vertiport design is
modular and scalable, based on a core set of modules. A key detail of Lilium’s design is the emphasis on
“plug-and-play” solutions for charging equipment and digital surveillance tools to create a scalable
solution.? In September 2020, Lilium partnered with Duisseldorf and Cologne/Bonn Airports to establish
regional air mobility as a new mode of transportation in the North Rhine-Westphalia region by 2025. Both
airports are large intermodal hubs with access to air, rail, and road traffic, making them ideal locations for
the incorporation of “networked mobility,” including air taxi operations.?' Lilium recently partnered with
Tavistock Development Company, a design agency located in Orlando, Florida, and the City of Orlando to
launch their first hub location to support AAM operations in the area.?? An additional partnership with
Ferrovial, an infrastructure operations group, was formed building off of Lilium’s existing plans with the
goal of developing 10 or more new vertiport sites across the state of Florida.?

Skyports, based in London, Los Angeles, and Singapore, supports vertiport development and operation
through local partnerships enabling site acquisition, cost-effective and vehicle-agnostic designs, and
managing both airside and landside operations. Skyports played a key role in developing Volocopter’s
prototype VoloPort in Singapore, described above.?

ILandMiami designs and builds innovative helicopter landing platforms and is beginning to support eVTOL
aircraft. ILandMiami is interested in marine landings, with the goal to maximize community acceptance
and safety of operations using water-based vessels for takeoffs and landings. The company’s core
offering is based on its Marine Utility Vessel (MUV), which allows helicopters to land on watercraft rather
than using valuable urban real estate. The company is promoting a concept for a modular version of the
MUV, which would allow the attachment of multiple MUVs to provide a larger landing pad. The MUV is
designed for transient use and VFR operations only when in an undocked configuration.?® Due to MUV

17 “The VoloPort”, Volocopter, https://www.volocopter.com/en/voloport/

18 “{oloPort”, Skyports, https://skyports.net/projects/volo-port/

19 “Trends: Urban Air Mobility”, Inside Unmanned Systems, https://insideunmannedsystems.com/trends-urban-air-mobility/

20 “Designing a Scalable Vertiport”, Lilium, https:/lilium.com/newsroom-detail/designing-a-scalable-vertiport

21 “Lilium Agrees Partnership with Dusseldorf and Cologne/Bonn Airports”, Lilium https:/lilium.com/newsroom-detail/lilium-
partnership-dusseldorf-cologne

22 “Lilium partners with Tavistock development and City of Orlando to establish first region in the US”, Lilium,
https://lilium.com/newsroom-detail/lilium-partners-with-tavistock-and-orlando

23 «Ljlium to Expand Planned Florida eVTOL Network”, AINonline, https://www.ainonline.com/aviation-news/business-aviation/2021-
01-28/lilium-expand-planned-florida-evtol-network

24 “Landing Infrastructure,” Skyports, https://skyports.net/landing-infrastructure/

25 “Will your future eVTOL aircraft land on a boat?”, eVTOL, https://evtol.com/features/will-your-future-evtol-aircraft-land-on-a-boat/
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weight limitations, in the current state MUVs would not be able to serve as an equivalent to a full-service
vertiport with charging infrastructure and support facilities.

Another vertiport concept being explored is integration into existing transportation infrastructure such as
cloverleaf exchanges.?® Multiple factors make cloverleaf exchanges attractive areas for a vertiport,
including the existing level of noise, public ownership of land by federal or state governments, large
number and national distribution of the interchanges, and proximity to existing ground infrastructure to
support intermodal travel. On the other hand, use of cloverleaf exchanges poses multiple problems for
ground traffic, including the difficultly of merging traffic from the highways with traffic to and from the
vertiport and lack of access for pedestrians on foot or on bicycles or scooters. These problems may be
exacerbated during rush hour traffic. Other drawbacks include the possibility of distracting drivers and the
proximity of flight paths to nearby buildings and other obstacles.

2.1.4 Operations

The examples that follow represent current helicopter operations in the United States that could be
considered near-UML-1 vertiports. Advances such as automated data management and additional
weather data collection capabilities are needed to transition to a UML-1-ready vertiport. Currently, it is

unclear if the following operations have plans for expansion or intent to support UAM aircraft.

One example of a current low-density and low-complexity operation is the air care service at the
University of Mississippi Medical Center (UMMC). This operation employs four helicopters capable of
supporting IFR operations, allowing the pilots to complete flights during some marginal weather
conditions. All UMMC aircraft feature autopilot systems, color weather radar, and anti-collision
instruments to increase pilot awareness and enhance safety.?” The heliport (4MS6) includes two rooftop
TLOF pads at the hospital, with one permanently assigned to the UMMC aircraft and the other for

transient aircraft.2

Atrium Health’s heliport (34NC), consisting of three separate TLOF pads located atop the Carolinas
Medical Center, is used to transport injured or critically ill patients to the nearby hospital. A peak day sees
50-60 take offs and landings, or about 5-6 operations an hour. Prior authorization, obtained by contacting
Atrium’s Communications Center, is required before landing at any of the three pads. The heliport is
located within Class B airspace, requiring clearance from the Charlotte ATC TRACON prior to departure.?®

MedCenter Air operates the helicopter bases serving the Atrium network, all of which operate year-round.

26 “Silicon Valley as an Early Adopter for On-Demand Civil VTOL Operations”, NASA, https://ntrs.nasa.gov/citations/20160010150
27 “Department of Helicopter Transport”, The University of Mississippi Medical Center, https://www.umc.edu/lUMMC/Outreach-
Programs/MS-Center-for-Emergency-Services/Critical-Care-Transport/AirCare-Home/Department-of-Helicopter-Transport-
Home.html

28 “Helipad Policy”, The University of Mississippi Medical Center, https://www.umc.edu/UMMC/Outreach-Programs/MS-Center-for-
Emergency-Services/Critical-Care-Transport/AirCare-Home/Aircraft/helipadpolicy.pdf

29 “Helipads” Atrium Health, https://atriumhealth.org/medical-services/specialty-care/other-specialty-care-services/medcenter-air/for-
providers/helipads
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MedCenter uses IFR-capable helicopters that can operate within a 150-mile radius, are satellite tracked,
and have night vision goggles onboard. The crew is highly trained, and a web-based Global Positioning
System (GPS) location tool assists the dispatch team with tracking and supporting operations.*

Another current operation is Vertiport Chicago Heliport (43IL), a full-service heliport managed by a fixed-
base operator (FBO) and a hub for emergency medical service (EMS). FBO typically refers to a
commercial business that is permitted by the airport or heliport to provide services such as parking,
fueling, maintenance, repair, and towing. The heliport has one TLOF pad, two approach and departure
routes, and eight parking spots. The heliport provides various navigation aids (NavAids), including landing
direction lights, TLOF and FATO perimeter in-surface lighting, taxiway centerline lights, a lighted
windsock, and a rotating beacon. The facility, including the refueling station, operates all day. Inbound
aircraft must contact Vertiport Chicago when no less than five miles out and are assigned a parking
location on arrival. Pilots are required to manage taxiing and sequencing the aircraft into and out of the
heliport.®!

2.1.5 Air Traffic Management and Unmanned Aircraft System Traffic Management

ATM, another essential aspect of the vertiport concept, is designed to be a coordinated response or
systems approach to managing traffic and disruptions in the National Airspace System (NAS).8 This
function, requires consideration of the events in the airspace and who is impacted by them to enact a
coordinated effort focusing on managing traffic amid changing conditions and demand in the NAS. The
process emphasizes safety, efficiency, and equity in the delivery of air traffic services.®? One aim of the
ATC System Command Center (ATCSCC), which oversees traffic management in the NAS, is to prevent
localized traffic delays from cascading across the country.

Traffic management is divided into tactical and strategic management.

Tactical management is a reactionary process where impacts of disruptions (weather conditions as a
primary example) are managed locally to minimize delays. Planning is typically within the next two hours
after a weather event is identified.

Strategic management is a longer-range planning effort to reduce or remove the demand on the airspace
entirely when, for example, a weather event is forecasted.?’ The planning is typically at a regional or
national level, and between two and eight hours are generally allocated for planning.

The type of management used depends on the scale of the weather event and the time that is available to
react. Collaborative decision making (CDM) aims to improve air traffic flow management by supporting an

30 “MedCenter Air’, Atrium Health, https://atriumhealth.org/medical-services/specialty-care/other-specialty-care-services/medcenter-
air

31 “Vertiport Chicago Flight Procedures”, Vertiport Chicago, https://www.vertiportchicago.com/wp-content/uploads/2018/07/Vertiport-
Chicago-Flight-Procedures 2018 .pdf

32 “Traffic Management Overview”, Federal Aviation Administration,

https://www.faa.gov/nextgen/programs/weather/tfm support/overview/
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increase in information exchange between the air navigation service provider (ANSP), which is the FAA in
the United States, and the system participants.®* CDM focuses on providing more accurate, precise, and
relevant information to support proper decision making, with the objective of giving flight operators and
ANSPs the proper tools and procedures to respond properly to rapidly changing conditions in the NAS.

Although the focus of this document is not on small UAS (sUAS), parts of the UTM model are applicable
to the AAM vision. The FAA will not provide positive ATC services, rather, it will provide operational
constraints that the operators will manage themselves. The vision for UTM is to manage both VLOS and
BVLOS sUAS operations without the direct involvement of ATC services. UTM promotes real-time
cooperation between various operators and the FAA to determine airspace status.® Stakeholders will use
automated systems connected by application programming interfaces (API) to support communication

and coordination.
2.1.6 Aircraft

Today, most civilian VTOL operations use helicopters for vertical flight. First responders, charter flight
providers, and the news media are some of the major entities using helicopters for daily operations.
Helicopters are typically fueled by Jet A, allowing them to use the same refueling facilities as jet aircraft.
Pilots must be certified to fly a helicopter, with requirements varying according to the certification needed
by the pilot.

For AAM, electric and hybrid-electric VTOL concepts are leading in the global push to support sustainable
aviation. The Vertical Flight Society (VFS) maintains a World eVVTOL Aircraft Directory that lists 395
aircraft placed in multiple categories, including the configurations below, with reference pictures shown
below some of the descriptions. %

33 “CDM Home”, FAA, https://cdm.fly.faa.gov/

34 “Unmanned Aircraft System Traffic Management (UTM)”, FAA,
https://www.faa.gov/uas/research development/traffic management/
35 “eVTOL Aircraft Directory”, VFS, https://evtol.news/aircraft
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Vectored Thrust (137 aircraff): These aircraft orient their thrusters for lift and cruise based on the phase of

flight.

\)'&

e
A

Figure 3: Example Vectored Thrust Aircraft3®

Lift and Cruise (56 aircraff): These aircraft have separate thrusters for cruise and lift. They do not have
any thrust vectoring.

Figure 4: Example Lift and Cruise Aircraft®’

36 “Advanced Air Mobility Mission Overview,” NASA, https://www.nasa.gov/aam/overview/
37 “Advanced Air Mobility,” NASA, https://www.nasa.gov/aeroresearch/programs/iasp/aam/description/

20 & NUAIR

ssssssssssssssssssssss




HIGH-DENSITY AUTOMATED VERTIPORT CONCEPT OF OPERATIONS

Wingless or Multicopter ( 106 aircrafi): These aircraft have multiple rotors (typically more than two). And

thrusters used only for lift.

Figure 5: Example Multicopter Aircraft36

Electric Rotorcraft (23 aircrafi): These aircraft use a rotor and operate as an electric helicopter.

Hover Bikes or Personal Flying Devices (73 aircraff): These wingless aircraft are designed for use by a
single person and are not intended for commercial service. These aircraft are not considered in this
analysis since they are not expected to operate at vertiports under this concept.

These approximately 400 designs come from over 200 different sources ranging from student design
teams to well-funded companies already in the process of flight testing for certification.®® Multiple designs
in the directory are listed as “defunct,” and it is unknown how many innovative designs will be developed
in the future. It is also unclear how many of these designs will complete the certification process and be

used in AAM operations.

There are multiple reasons for the shift away from typical rotorcraft, as seen by the presence of only 23
rotorcraft out of 395 total designs, toward distributed electric propulsion for AAM operations. Lower levels
of noise, lower direct operating costs, and zero “tailpipe” emissions are the main reasons advocates

support distributed electric propulsion.3®

What role hydrogen fuel cells will play in powering UAM aircraft is unknown, but supporters believe the
greater lifespan and energy density make them the right choice. Hydrogen fuel cells may prove more
suitable for longer-distance flights, but the increased weight and volume of the fuel system associated
with using hydrogen may be a drawback for an aircraft designed for short-range urban flights.

38 “'/VFS World eVTOL Aircraft Directory now at 300 entries”, VFS, https://evtol.com/news/vfs-evtol-directory-300-aircraft/
39 “Charging Forward New eVTOL Concepts Advance”, eVTOL News, https://vtol.org/files/dmfile/eVTOLConcepts-KenSwartz2.pdf
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To enable the projected growth of numbers of aircraft in operation as part of the AAM vision, stakeholders
are looking into solutions for a potential pilot shortage for these new aircraft. A sizeable portion of
developers are looking to automation and autonomy to either support a single pilot on board the aircraft or
move the pilot off the aircraft entirely. This level of automation will require stricter certification processes
for these aircraft, and the additional expectations on the aircraft could also result in additional certification
and licensing requirements for pilots.

2.2 Advanced Air Mobility Vertiport State-of-the-Art Assessment

This section examines state-of-the-art technology and automation, providing a general description, with
standout examples, of aircraft equipage and ground infrastructure at heliports and airports, as well as
technology and automation used by the flight crew, fleet operational control center (FOCC), and ATC.
This description of the current state establishes a basis to determine technology developments that may
be applied in future operations.

2.2.1 Aircraft and Flight Crew

Projecting high-density vertiport operations of the future must consider both current and future aircraft
capabilities. This section covers the capabilities of current aircraft, with a specific focus on helicopters, but
it also briefly addresses technologies in development that may be used in future UAM aircraft.

2.2.1.1 Communications, Navigation, Surveillance, and Information Technologies

Communications capabilities on aircraft are primarily handled through very high frequency (VHF) or radio
links augmented by data-based communications. Aviation has relied on VHF analog radios for decades,
and, over time, advancements in electronics permitted a significant increase in the number of usable
frequencies.*? For example, the Aircraft Communications Addressing and Reporting System (ACARS), 4’
a character-based messaging service that transfers data between onboard aircraft systems and ground
networks, has evolved significantly over its lifespan, from its original use by ATC to issue pre-departure
clearances to its current capability to support satellite communications.*? Additionally, ACARS permits
transmitting from an aircraft information such as local weather, aircraft health, and in-flight positioning.
Aviation is beginning to shift toward internet protocol (IP) based communications, with a global effort to
use internet protocol suite (IPS) for air communications. The goal of IPS is to support datalink
communications such as ACARS. It is expected that IPS will serve as a new tool to support greater
situational awareness capabilities, rather than replacing ACARS. IPS will allow aircraft to become “flying

40 “Ajrcraft Communications”, Aviation Pros, https://www.aviationpros.com/aircraft/article/10381753/aircraft-communications
41 “How ACARS Will Evolve, Not Disappear, With Transition to IPS”, Aviation Today,
https://www.aviationtoday.com/2018/06/12/acars-will-evolve-not-disappear-transition-ips/

42 “The Evolution of ACARS Series with Rockwell Collins’ Dan Pendergast”’, Connected Aviation Today,
https://connectedaviationtoday.com/evolution-acars-series-rockwell-collins-dan-pendergast/#.X8ezgM1KhPZ
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nodes,” capable of sharing data with other aircraft, thereby allowing collection and distribution of more

precise weather and turbulence information.*3

Multiple navigation instruments are required for helicopter operations under 14 CFR Part 27.1303. In
addition to common instruments such as a clock, airspeed indicator, and altimeter, operations in
instrument meteorological conditions (IMC) require various indicators for magnetic direction, free-air
temperature, rate-of-climb, and other data. Some warning and redundant systems, such as a speed
warning device and an alternate static pressure source, are also required if the helicopter is configured for
single pilot operation, although two pilots are typically required for Part 135 operations.

ADS-B is designed to enhance the safety and efficiency of operations in the NAS, providing direct benefits
to all parties involved in airspace operations. This system is the foundation for the FAA’s Next Generation
(NextGen) Program, shifting to tracking via satellite signals instead of traditional ground-based radar and
NavAids. The FAA provides ADS-B equipped aircraft with traffic information on other aircraft through
traffic information service - broadcast (TIS-B), as well as weather, terrain, and other important
aeronautical information through flight information system - broadcast (FIS-B) using the universal access
transceiver (UAT) datalink. ADS-B In cockpit displays that show the location of aircraft and equipped
ground vehicles on airport surfaces also reduce the risk of runway incursions.* This capability even
functions at night or during heavy rainfall, and applications are in development to alert pilots of potential

collisions.

As of January 1, 2020, ADS-B Out has been required for helicopters to fly in the following types of

controlled airspace:*®

1) Flying in Class A airspace at any altitude.

2) Flying in Class B airspace from surface to 10,000 feet MSL, including the airspace from portions of
Class B that extend beyond the Mode C Veil up to 10,000 feet above mean sea level (MSL), as in
LAX, LAS, and PHX controlled airspace.

3) Flying in Class C airspace from surface up to 4,000 feet MSL, including the airspace above the
horizontal boundary of the airspace up to 10,000 feet MSL.

4) Flying in Class E airspace above 10,000 feet MSL over the Contiguous United States (CONUS),
excluding airspace at and below 2,500 feet AGL.

5) Flying in Class E airspace over the Gulf of Mexico at and above 3,000 feet MSL within 12 nautical
miles of the coastline of the United States.

43 “The move to IP-based communications in aviation”, Aerospace Testing International,
https://www.aerospacetestinginternational.com/features/the-move-to-ip-based-communications-in-aviation.html
44 “ADS-B Frequently Asked Questions”, FAA, https://www.faa.gov/nextgen/programs/adsb/fag/

45 “Equip ADS-B, Airspace”, FAA, https://www.faa.gov/nextgen/equipadsb/research/airspace/
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2.2.1.2 Operations

Helicopters require a licensed and certified pilot on board who has up to date training. Several types of
helicopters may require special certifications and require the pilots to have additional training. If a
helicopter is operating outside of Class G airspace, it is typically equipped with VHF radios and VHF
omnidirectional range (VOR) equipment, although VOR is being gradually phased out and replaced with
GPS.

A flight plan must be filed for IFR operations, and communication with ATC is required for helicopters
entering controlled airspace. In the case of an in-flight emergency resulting from inadvertent flight into
instrument meteorological conditions (IMC) while operating VFR, the pilot may attempt to reverse course
and exit the IMC, or, prior to entering IMC, the pilot may land where they are. If the helicopter is IFR
equipped and the pilot has the proper training, it is recommended that the pilot request an IFR clearance
and proceed through the IMC. However, in other than an emergency, if an IFR clearance is not issued by
ATC, the flight crew are not legally allowed to fly IFR. In cases where weather conditions cannot support
VFR minima, the pilot may request special VFR (SVFR).

Some helicopters can perform instrument approaches and departures in IFR conditions. Helicopters
capable of instrument landing system (ILS) approaches can take advantage of precision NavAids at
airports that have them. In some air ambulance operations, helicopters are kept at airport facilities that
support IFR operations, rather than at the medical facility’s heliport, so that the aircraft's departure is not
restricted by IMC.

Heliport operations are manually controlled in the current state of operations. There are some tracking
capabilities, with ADS-B equipage becoming more standard over time. Most approaches to heliports in
IFR conditions are non-precision, but precision approaches are available at airports for appropriately
trained flight crews in equipped helicopters. Near the heliport, pilots deconflict their flights through voice
radio. At an uncontrolled airport, helicopters should, but are not necessarily required to, announce their
position and intentions when flying into the airport. Depending on the airport, helicopters may fly the same
pattern as fixed wing aircraft, or they could follow an opposite-direction traffic pattern. If the helicopter is
not capable of ground taxiing it may land on a dolly or a portable landing pad for ground handling
operations. Heliports currently lack automated or information technology (IT) based allocation and
scheduling systems, and the processes are generally human operations, such as call-ahead reservations,
or simply first-come, first-served operations.

2.2.2 Heliports, Airports, and Vertiports

This section discusses key infrastructure and technology at heliports and airports to provide insight into
how this infrastructure will apply to UML-4 operations in the future. Vertiports, as addressed in this
section, comprise two distinct categories: the first group is analogous to heliports but chooses to use the
title “vertiport” in their name, while the second group of vertiports consists of newer designs and
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prototypes that focus on UAM aircraft and operations. Examples of both groups are described in Sections
2.1.1and 2.1.3.

2.2.2.1 Communications, Navigation, Surveillance, and Information Technologies

At more sophisticated airports, helicopters can take advantage of precision NavAids if they are capable of
ILS approaches. ILS, in combination with high-intensity lighting arrays, allows for safe landing of IFR-
capabile aircraft during IMC. The main components of ILS are the localizer, which provides lateral
guidance, and the glide slope, which provides vertical guidance. Airports that support ILS approaches at
runways include a separate ILS for each runway direction. An example is Chicago O’Hare, which has
separate ILS coupled with Distance Measuring Equipment (DME) on each runway end.*6

Ground-Based Augmentation System (GBAS) is an alternative to ILS. GBAS has multiple advantages
over ILS, including simplified airport infrastructure, steadier approach guidance, and fewer required flight
inspections. One GBAS station can support multiple runway ends, allowing the airport to reduce space
used by navigation infrastructure and to decrease required maintenance by minimizing physical

infrastructure.*’

Larger airports typically use an AWOS or an Automated Surface Observing System (ASOS) to collect
data in real time on current airport weather conditions. AWOS, which is highly configurable, collects data
on barometric pressure, wind speed and gusts, wind direction, temperature, dew point, visibility, runway
surface conditions, and other parameters.*® With the use of additional sensors, AWOS can also detect
thunderstorms via a lightning detector and freezing rain via a freezing rain sensor.*® ASOS, which is more
sophisticated than AWOS, is capable of tracking wind shifts, peak winds, rapid pressure changes, and
amount of accumulated precipitation, in addition to the capabilities of AWOS.*8 Airport Surveillance Radar
(ASR), specifically the most common ASR-9, also has weather sensing capabilities. Additionally, ASR-9
employs a dual-beam antenna and advanced digital processing, enabling detection of smaller aircraft or
other targets in cluttered and low-visibility airspace.*® Airport Surface Detection System - Model X (ASDE-
X) reduces runway incursions by notifying air traffic controllers of conflicts on runways and taxiways.
ASDE-X relies on multiple data sources, including ADS-B, ASR-9, and multilateration (MLAT) to identify

aircraft and ground vehicles while also determining their position on or near the airport movement area.>°

46 “Chicago O’Hare INTL”, Federal Aviation Administration,
https://nfdc.faa.gov/nfdcApps/services/ajv5/airportDisplay.jsp?airportld=ORD

47 “GNSS Frequently Asked Questions - GBAS”, Federal Aviation Administration,

https://www.faa.gov/about/office_org/headquarters offices/ato/service units/techops/navservices/gnss/faq/laas/#:™:text=Unlike %20l
LS%20%2D %20which%20requires%200ne,ILS%20is%20unable %20t0%20support.&text=The%20GBAS%20approach%20guidanc
€%20is%20steadier%20than%20ILS %20approach%20guidance.

48 “Automated Weather Observing System (AWOS)”, Skybrary,

https://www.skybrary.aero/index.php/Automated Weather Observing System (AWOS)#Automated Surface Observing System .
28AS0S.29

49 “Airfield Surveillance Radar ASR 9”, Radartutorial, https://www.radartutorial.eu/19.kartei/03.atc/karte003.en.html

50 “Airport Surface Detection Equipment, Model X (ASDE-X),” FAA, https://www.faa.gov/air _traffic/technology/asde-x/
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The FAA’s Next Generation Air-to-Ground Communications Program (NEXCOM) supports air-to-ground
(A/G) communications equipment used by air traffic controllers and pilots for radio communications.
NEXCOM, which operates continuously within all regions in the NAS, also affords ground-to-ground
communications needed when servicing airfield equipment and provides key communications
infrastructure for all phases of flight.>' Another communications solution is Aeronautical Mobile Airport
Communication System (AeroMACS), which supports a wide range of applications, increases security
capabilities, and optimizes air traffic management.5? AeroMACS is internationally standardized and
validated by the European Organization for the Safety of Air Navigation (EUROCONTROL), the FAA, and
the International Civil Aviation Organization (ICAQO).

Smaller, less-trafficked airports typically coordinate with nearby ATC and TRACON:S to issue advisories to
pilots rather than issuing direct clearance. While a few heliports have a collocated AWOS, most have a
low level of equipage, potentially offering only a windsock and lights for night operations. In certain cases,
heliports can take advantage of infrastructure of nearby airports, such as precision NavAids, AWOS, or
ASOS.

2.2.2.2 Operations

At controlled airports, aircraft are issued a specific taxi route by ATC. Taxiing is typically carried out with
two-way voice communications over radio and directional signs installed at the airport. The airport
manager is responsible for establishing the proper signage as laid out in A/C 150/5300-13, Airport Design;
A/C 150/5340-1, Standards for Airport Markings, and A/C 150/5340-18, Standards for Airport Sign
Systems.

At heliports and uncontrolled airports, helicopters will typically hover or ground taxi from their landing site
to their final spot. While hover taxiing (movement 25 feet or less above the vertiport surface) is possible, it
may not be used if there is a potential risk of rotor wash damaging parked aircraft or if there is loose
equipment in the area. When greater distances on airport surfaces need to be traversed, helicopters may
also employ air taxi movement (more than 25 feet above the surface). Pilots use signage and other
passive NavAids to guide them around the heliport or airport, and they are expected to self-separate and
follow the rules of the facility.

2.2.3 Air Traffic Management and Fleet Operational Control Center

This subsection summarizes the technology and involvement of ATM and FOCCs, primarily focused on
the communications with aircraft and flight crew.

51T “NEXCOM Program Description”, FAA,
https://www.faa.gov/about/office _org/headquarters offices/ang/offices/tc/library/storyboard/detailedwebpages/nexcom.html
52 “AeroMACS”, WimaxForum, https://wimaxforum.org/Page/AeroMACS
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2.2.3.1 Communications, Navigation, Surveillance, and Information Technologies

Controllers at airports have traditionally used voice communications via radio to provide pilots with flight
information and to issue clearances. However, voice communications are a manually operated time
consuming process that limits operational efficiency. Additionally, voice communications can lead to “talk
back, read back” errors between pilots and controllers.> The FAA is implementing data communications
(DataComm), which allows controllers and pilots to transmit a variety of messages with the touch of a
button. DataComm supports transmission and electronic display of flight plans, clearances, instructions,
advisories, flight crew requests, reports, and other messages.>® These capabilities can cut down on
delays by allowing the flight crew to accept a new flight plan sent by a controller without lengthy two-way
voice communication. DataComm'’s increased bandwidth enables enhanced use of digital messaging and
automated procedures to further reduce communication times and errors.

Traffic flow management (TFM) as a part of ATM manages the flow of aircraft in the NAS by balancing
airspace capacity and demand. The FAA Air Traffic Control System Command Center (ATCSCC)
manages the flow of aircraft in the NAS by implementing traffic management programs, monitors the
impacts of traffic management initiatives and weather, and serves as the central and final authority for
inter-facility traffic management. TFM uses the FAA’s Common Support Services - Weather (CSS-Wx)
and Common Support Services - Flight Data (CSS-FD) to develop strategic plans for a given day. The
Collaborative Convective Forecast Product (CCFP), a forecast produced by the National Weather Service
(NWS), aircraft operators, ARTCC weather units, and the meteorological service of Canada, is the primary
weather planning tool used by traffic management personnel to make decisions during periods of

inclement weather.>*

A FOCC is required for helicopter air ambulance operations when operating 10 or more helicopters. The
fleet FOCC is required to provide two-way communications with pilots, provide current and forecasted
weather briefings along the planned route of the flight, monitor the progress of the flight, and participate in
the pre-flight risk analysis.>®* FOCC communication is typically via radio, but in some cases, it is via
telephone or onboard satellite phone.

2.2.3.2 Operations

Multiple ongoing efforts aim to increase efficiency of operations in the current NAS. Airspace Technology
Demonstration-Two (ATD-2), a solution developed by National Aeronautics and Space Administration
(NASA), the FAA, and industry partners, integrates arrival, departure, and surface concepts to enhance

53 “Fact Sheet - Data Communications (Data Comm)”, FAA, https://www.faa.gov/news/fact sheets/news story.cfm?newsld=21994
54 “Traffic Flow Management in the National Airspace System”, FAA,

https://www.fly.faa.gov/Products/Training/Traffic Management for Pilots/TFM in the NAS Booklet ca10.pdf

55 “14 CFR § 135.619 - Operational control centers”, Legal Information Institute, https://www.law.cornell.edu/cfr/text/14/135.619
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operational efficiency.>® ATD-2 incorporates concepts from three major FAA operational support system
technologies:

Traffic Flow Management System (TFMS). provides multiple capabilities, such as arrival management,
airborne metering, and departure scheduling, to reduce delays, travel time, and fuel burn.>” TFMS
embraces the joint CDM initiative described in Section 2.1.

Time-Based Flow Management (TBFM): serves as a trajectory modeler to enhance efficiency, optimize

capacity, minimize environmental impact, and increase operational predictability.®

Terminal Flight Data Manager (TFDM). improves the exchange of flight data to streamline the flow of
departures and improve CDM capabilities.>®

ATD-2 demonstration at Charlotte Douglas International Airport in 2017 to 2020 showed significant
reduction in delay. Additionally, ATD-2 will enable flights to absorb their delays at the gate, making
operations more environmentally friendly.5¢ While the benefit mechanisms for a high-density vertiport will
be different than for a large commercial aviation hub airport, ATD-2 is an example of the benefits of
coordinated and automated arrival, departure, and surface operations.

One older effort of interest is Digital taxi (D-Taxi) clearances. D-Taxi enables ATC to give departure
clearances to aircraft equipped with datalink capabilities. Experiments on D-Taxi’s impact on ATC found
that it reduced voice communications when at least 75% of the aircraft have datalink capabilities without

increasing workload on controllers.5°

2.3 Vertiport Challenges and Barriers

A variety of challenges and barriers need to be addressed to advance the state of the art from current
heliport operations to integrated vertiports in the AAM ecosystem. For this ConOps, the primary focus on
needed changes is from the perspective of the vertiport manager. Comparison of envisioned AAM traffic
volume with the number of conventional aircraft operations illustrates the magnitude of the challenges
involved. The FAA reports that in 2019 there were 16,404,606 IFR flights and 11,277,851 VFR flights in
the NAS, with as many as 5,000 IFR flights in the air during peak times.®' In contrast, AAM business
projections range as high as millions of operations daily.5?

56 “Airspace Technology Demonstration 2 (ATD-2)”, NASA, https://aviationsystems.arc.nasa.gov/research/atd2/index.shtml
57 “Traffic Flow Management System (TFMS)”, FAA,

https://www.faa.gov/about/office _org/headquarters offices/ang/offices/tc/library/storyboard/detailedwebpages/tfms.html

58 “Time Based Flow Management”, FAA, https://www.faa.gov/nextgen/cip/tbfm/

59 “Terminal Flight Data Manager (TFDM)”, FAA, https://www.faa.gov/air_traffic/technology/tfdm/

60 “Digital Taxi Clearances in Airport Traffic Control Towers - Interface Design and Results From a High-Fidelity Simulation
Experiment” , FAA, https://www.researchgate.net/profile/Todd Truitt/publication/233903743.pdf

61 “Air Traffic by the Numbers”, Federal Aviation Administration,

https://www.faa.gov/air_traffic/by the numbers/media/Air_Traffic by the Numbers 2020.pdf

62 “Enabling Autonomous Flight and Operations in the NAS”, NASA Aeronautics Research Institute, https://nari.arc.nasa.gov/aero-
autonomy
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This section discusses challenges and barriers related to 10 key functions involved in vertiport operations.
2.3.1 Communications

UAM operations have various communications barriers requiring solutions for high-density operations. In
urban environments, multipath interference, various line of sight issues, and co-channel interference
caused by the increased density of operations will limit effective use of voice communications.
Additionally, available aviation spectrum concerns surrounding communications required to support UAM
operations including aircraft-to-aircraft, aircraft-to-vertiport, command and control, remote identification,
and aircraft-to-fleet operator or PSU must be addressed.

DataComm methods and standards must be established to enable cooperation among the vertiport, PSU,
fleet operator, flight crew, and aircraft. Currently, data models such as the Aeronautical Information
Exchange Model (AIXM), the Weather Information Exchange Model (WXXM), and the Flight Information
Exchange Model (FIXM) along with the Flight and Flow Information for a Collaborative Environment (FF-
ICE) are used by the FAA and industry stakeholders for data exchange. The National Academy of
Sciences suggests that data will be diverse in content, size, and real-time update requirements, and
detect-and-avoid (DAA) capabilities for UAS will require a common geospatial framework for updates on
aircraft condition and communication of intent.® Given these considerations, we assume that the vertiport
will need to have the necessary infrastructure to support the level of data communications required for its
operations.

2.3.2 Navigation

Precise airspace and surface navigation capabilities are necessary to enable sequencing, precise
scheduling, and operational safety. GPS has varying levels of accuracy based on multiple factors,
including satellite geometry, signal blockage, atmospheric conditions, and receiver quality.®® Obstructions
such as buildings and bridges will impact GPS accuracy in UAM flights. Recent FAA data shows that 95%
of the time GPS receivers attain an accuracy within 6.2 feet.5® Implications of this accuracy are in the
realm of surface movement and other ground operations. Using dual frequency receivers can boost GPS
accuracy to enable real-time positioning within a few centimeters, and incorporating other augmentations,
such as GBAS or ILS, can provide further enhancements. GBAS provides corrections to aircraft around
an airport to improve the accuracy of the GPS position of the aircraft. GBAS could also be used as a
redundant system to ensure integrity of position data. ILS has wide international acceptance and is
accurate, reliable, and easy to maintain. The primary issue facing dual frequency GPS, GBAS, and ILS is

63 “GPS Accuracy”, GPS.gov, https://www.gps.gov/systems/gps/performance/accuracy/
64 “Satellite Navigation - GBAS - How It Works, Federal Aviation Administration,
https://www.faa.gov/about/office_org/headquarters offices/ato/service units/techops/navservices/gnss/laas/howitworks/
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the associated costs. GBAS and ILS will require significant investment and maintenance for infrastructure
at a vertiport, while dual frequency GPS will require the proper equipage on aircraft.

2.3.3 Surveillance

Surveillance and sensing capabilities will be needed around the vertiport for automated data collection
and monitoring of available resources. Aircraft and ground vehicle surface tracking is necessary.
Additionally, takeoff and landing pad availability, parking spot availability, charging and refueling
availability, and other data will need to be monitored by the vertiport and reported to the PSU or to the
aircraft directly in case of an emergency. The vertiport will need to monitor non cooperative aircraft,
potential SUAS intruders, and the presence of birds and other wildlife to guarantee a safe operating
environment. Technologies such as MLAT and millimeter wave radar may be applicable for vertiport

surveillance.
2.3.4 Information Storage and Processing

Increasing levels of automation from UML-1 to UML-4 will increase data storage requirements at the
vertiport. The various challenges include, but are not limited to,: a wide variety of data being received from
multiple sources at varying update rates, the complexity of managing and ensuring data quality, and the
security and privacy implications associated with the information sources. However, the use of edge, fog,
and cloud computing (or any combination of the three) may reduce expected data storage capacities at a
vertiport. Data from aircraft operating in and out of the vertiport will be stored to train machine learning
(ML) algorithms and enable artificial intelligence (Al) capabilities. ML and Al training will become crucial in
the transition from UML-2 to UML-3 when the UAM aircraft operating in the NAS begin to incorporate

increasing levels of automation.
2.3.5 Ecosystem Integration

The vertiport may need to be integrated to varying degrees with the surrounding AAM ecosystem,
depending on the use case or business model. If the vertiport operation is vertically integrated - i.e.,
aircraft, vertiport, and PSU all operated by the same entity - the vertiport may be isolated and might not
interact with other AAM entities. In contrast, a public vertiport with multiple operators, PSUs, and types of
operations will need modularity in infrastructure and operational design. Infrastructure modularity refers to
the compatibility of equipment at the vertiport for operations such as charging and refueling or ground
taxiing. Operational modularity refers to the compatibility of approach and departure paths with many
existing aircraft types, along with hover-hold time limits and other attributes. A vertiport cannot realistically
be expected to be compatible with every possible aircraft, and some classes of aircraft may be excluded
from operating at certain vertiports based on their performance capabilities or other requirements. The
implication is the need to codify aircraft and vertiport capabilities to ensure that when a flight plan is filed,
the vertiport is capable of supporting the aircraft.
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2.3.6 Operational Tempo

Operational tempo at a vertiport, although not necessarily a barrier itself, will reveal other barriers. Both
high and low operational tempos will require automation at the vertiport to maintain safety and to either
increase efficiency in high-tempo operations or reduce personnel costs in low-tempo operations. At higher
operational tempos, vertiports will have decreased resilience to off-nominal conditions. potentially
resulting in cascading delays and congestion in the vertiport’s schedule.

2.3.7 Charging and Refueling

Another operational barrier the vertiport will need to overcome is refueling infrastructure for aviation fuel,
electric, and, potentially, hydrogen-powered aircraft. As stated earlier in this section, over 90% of current-
state heliports do not support refueling of any sort. Aircraft in future vertiport operations are projected to
rely on electric, hydrogen, or hybrid propulsion energy, and thus will not be able to rely on the 10% of
heliports that currently offer refueling services. The new infrastructure cannot simply just replace the
existing refueling infrastructure, since conventional helicopters are likely to still be in operation in some
capacity in UML-4. Additionally, charging and refueling infrastructure is costly and will take up valuable
space in urban vertiports, which may result in vertiports providing either refueling or recharging, but not
necessarily both services.

2.3.8 Weather

One environmental barrier is the impact of weather on vertiport operations. As of April 2019, 61.9% of
flight delays were caused by weather-related events.®? Thunderstorms, fog, and icing will all restrict
vertiport operations unless addressed by appropriate capabilities. Different weather events have different
implications for ground and air operations. For example, icing around a vertiport will impact ground taxiing
of aircraft as well as takeoff and landing procedures. Adverse weather conditions are currently mitigated
by either rerouting flights to another airport or introducing delays such as vectors, speed reductions, and
holding. However, these techniques will not necessarily be available for UAM, since a weather-related
delay at one vertiport will likely cause delays at other vertiports in the operating zone.%® Rerouting
passengers to vertiports outside of the operating zone would result in longer ground travel times,
impacting the time saving goal of UAM. Current UML-4 throughput projections result in time slots being as
short as 30 seconds, as opposed to 15 minutes in traditional aviation. Smaller buffer times and shorter
flight times will result in weather impacts cascading delays across numerous flights.

Highly dynamic replanning of flight plan and resource allocation at the vertiport will be required to
minimize the impact of weather on UAM operations. Freezing weather will impact the performance of
batteries and will need to be monitored to ensure safe vehicle operations and compliance with required

65 “Fast-Forwarding to a Future of On-Demand Urban Air Transportation,” Uber Elevate, https://www.uber.com/elevate.pdf
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FAA fuel reserves.®® The effects of wind and turbulence around the vertiport and in other operational
areas must be considered, and micro-weather sensing and prediction capabilities may be needed to
ensure safe operations. The availability of weather data must also be considered, as the current
infrastructure might not be sufficient. The United States is covered by a network of weather radars known
as Next-Generation Radar (NEXRAD), which consists of 157 sites operated mostly by the NWS.%7
NEXRAD is augmented by the 45 Terminal Doppler Weather Radar (TDWR) units operated by the FAA to
serve aviation requirements such as wind-shear readings. One of the key issues with this system is the
current lack of low-level coverage provided. While there are few areas with no coverage, much of the
coverage is above 3,000 feet AGL, posing a major barrier to helicopter and UAM operations that will most
often occur below this altitude.®’

2.3.9 Security

Both physical and cybersecurity are needed to assure safe operations and to protect passengers and
physical assets. Vertiport operations will need to support an optimal mix of pre-flight, technology-enabled
screening with sensible on-the-ground security parameters to efficiently assure a safe travel experience.®®
In the context of vertiport management, cybersecurity capabilities are also vital to ensure safe operations
around a vertiport. The FAA UTM ConOps states that threats can range from a misinterpretation of data to
intentional spoofing of the navigation systems. ¢ Industry will also need to identify cybersecurity risks and
how they will be assessed and mitigated.

2.3.10 Noise

Noise created by helicopter operations prevents the use of many existing urban heliports and potential
heliport locations. These urban heliports are highly sought after for future UAM operations due to their
integration in the urban core. To take advantage of existing heliports for UAM, provisions must be made to
comply with local ordinances on noise levels and procedures for noise abatement. Some larger heliports
have noise abatement procedures in effect that may scale to high-density UAM operations. Vertiport
Chicago’s approach and departure corridors are located above the Global | Intermodal Facility, minimizing
noise impact on the surrounding community. Incorporating vertiports into locations that already have
elevated levels of ambient noise, such as inside cloverleaf exchanges, discussed in Section 2.1, will
minimize public discontent from noise. Additionally, manufacturers can focus on minimizing the air vehicle

source noise to comply with the various noise ordinances that restrict helicopter operations today.

66 “In-time System-wide Safety Assurance (ISSA) Concept of Operations and Design Considerations for Urban Air Mobility (UAM)”,
NASA Aeronautics Research Institute, https://nari.arc.nasa.gov/sites/default/files/attachments/ISSA.Conops.Final .20.07.01.pdf

67 “Examining the weather radar issues behind the Survival Flight crash”, Vertical Mag, https://verticalmag.com/news/survival-flight-
crash-weather-radar-issues/
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3 Desired Changes

This section of the ConOps describes the shortcomings of the current system or situation that motivate
development of a new system or modification of an existing system. This discussion bridges the focus

from Section 2, describing the current system, to Section 4, describing the proposed future-state system.

3.1 Rationale for Changes

The NASA vision for AAM is to help emerging aviation markets to safely develop an air transportation
system that moves people and cargo between places previously not served or underserved by aviation -
local, regional, intraregional, or urban - using revolutionary new aircraft that are only now becoming
possible®. As described in Section 2, a current system for envisioned AAM operations does not now exist.
No VTOL aircraft other than rotorcraft are certified by the FAA; although the FAA is processing four initial
applications for certification of innovative VTOL aircraft and expects to issue type certificates (TC) by
2022.5°

AAM is currently most closely represented by helicopter operations in the NAS. While the term vertiport is
often used synonymously with heliport, the vertiport described in this ConOps fulfills different
requirements. Current heliports provide for helicopter arrivals and departures, just as vertiports will
support novel VTOL aircraft, but there are several differences.

Current heliports lack automation for management of traffic and heliport resources such as landing pads
and parking pads. In some cases, heliports experience demand that exceeds their capacity for arrival and
parking of helicopters. While some busy heliports request advanced notification of arrival traffic, there is

little or no management of heliport resources in advance of helicopter arrivals.

The traffic demand for heliports today is an order of magnitude less than that expected for vertiports in the
UML-4 timeframe. The physical infrastructure available for vertiports will be limited, especially in urban
areas where large open areas are minimally available and real estate is scarce. Thus, vertiport resources
will be a constraining issue in meeting expanded demand, and management of these scarce resources
will require vertiport automation with the ability to plan and schedule resources in real time. The
management of passenger and cargo traffic at high-density vertiports will also require a systematic
process and automation to accommodate the high tempo and large number of operations.

3.2 Description of Desired Changes

This subsection describes the evolution and changes needed to enable the concept presented in Section
4. Each part begins with a concise overview of the current state, then transitions to providing some details

68 “Advanced Air Mobility Mission Overview,” NASA.gov, https://www.nasa.gov/AAM
69 Earl Lawrence, FAA Director of Aircraft Certification, ATCA Technical Symposium September 16, 2020
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about the intermediate state. The end state for this ConOps - operations under the conditions of UML-4 -
is described in Section 4.

Many current vertiport equivalents are heliports except for a difference in nomenclature. During the
transition period, vertiports are expected to come into their own and begin to form a unique identity around
AAM operations. Initial vertiports will take a form such as the concepts and prototypes created by
companies such as Lilium, Volocopter, and Skyports, discussed in Section 2. Vertiport systems will sense
and broadcast availability of resources such as parking spots and charging and refueling equipment.
Additionally, vertiports may begin ingesting data on weather conditions on the surface or in the nearby
airspace. Charging infrastructure will be developed and installed, with potential efforts to standardize
equipment across the industry to promote compatibility. Refueling equipment will not be phased out
during this time since conventional helicopters will still be in operation in UML-4. However, charging
equipment will start to become more prevalent than refueling equipment in the urban core. Although
charging equipment in urban areas (such as rooftops) could strain existing electrical infrastructure in the
building and surrounding area, transporting Jet A to rooftops is a significantly harder logistical task.

Operationally, initial vertiports will function similarly to current heliports. Most operations will be charter
flights and medevacs, but initial stages of AAM air freight and passenger air metro will also develop. In
early cases. These operations may still be performed with helicopters; the primary difference will be
potential sensing of pad status (occupied, available, or obstructed) and efforts to digitize the
communications from pilot to pilot, pilot to operational control center, pilot to vertiport, and pilot to PSU.
Voice communications will not be phased out, but digital communications may be used in certain
operations, depending on the need. Pilot certification and licensing requirements will change as more
systems on the aircraft become automated. The pilot may be aboard the aircraft, operating remotely, or
supervising the operation of autonomous aircraft. In the last case, in this intermediate state the pilot will
exercise control by closely monitoring the aircraft and actively applying control only as necessary.
Advancements in automation may reduce the vigilance required by the remote pilot in future states, as
well as enabling the monitoring of multiple aircraft simultaneously.

The PSUs and SDSPs for various applications are expected to phase in over time. PSUs will manage
flights from subscribed fleet operators, and SDSPs will provide data and efficiency services to fleet
operators, PSUs, and vertiport managers. Various SDSPs with information on weather will be critical to
providing localized weather at vertiports. Service providers for communications, navigation, and
surveillance will develop business models around providing infrastructure and capabilities to vertiports
and performing the necessary maintenance on provided infrastructure. Service providers will not prevent
more-developed vertiports from owning, using, and maintaining their own equipment, but they may enable
less-developed vertiports to provide more operational support than what is seen today in heliports.

Helicopter operations are a manual, human centric operation today. In the initial stages, automation
efforts may focus on relieving portions of the workload on human operators, potentially taking the form of
an automated alert system to increase situational awareness. Over time, this capability may develop into
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a system not reliant on having a human in the loop, with automated sensing of weather conditions, takeoff
and landing pad status, charging station status, and other parameters. A gradual increase in automation,
as public confidence in automated systems is built up through a proven record of safety, is critical to
enabling the UML-4 concept.
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4 Future State Concept of Operations

4.1 Description of the Proposed System

The VAS is a dynamic software capability that supports the scheduling, management, communication,
alerts, and resource assignments at the vertiport. The VAS is a System of Systems (SoS), defined as
multiple, dispersed, and independent systems as part of a larger, more complex system. The independent
systems are referred to as services, which combine to form the VAS. This SoS approach provides the
vertiport manager the flexibility to add different services or to scale capabilities as needed to match the
business needs at that vertiport. The SoS approach also promotes interoperability among the diverse
services in a plug-and-play approach, allowing for modular customization of the VAS depending on

needs.
4.1.1 Operational Viewpoint

The Operational Viewpoint-1 (OV-1) diagram is a high-level operational concept graphic that describes a
mission by showing the foremost operational concepts and unique aspects of operations. The interactions
between the VAS and the environment are depicted at a high-level.”’. The OV-1 diagram in Figure 6
represents multiple vertiports within a metropolitan area, with aircraft flowing in and out via a high-density
route. This perspective illustrates the vertiports’ role in the larger metropolitan area and the VAS
interactions with stakeholders in the geographic region. The diagram in Figure 7 zooms in on an individual
vertiport to better depict the operations at and around the vertiport.

70 DoDAF Viewpoints and Models, DoD Chief Information Officer, https://dodcio.defense.gov/Library/DoD-Architecture-
Framework/dodaf20 ov1/
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Figure 6: Vertiport Automation System (VAS) Airspace OV-1 Diagram
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4.2 Operational Environment

The Urban Air Mobility Operations Environment (UOE) is defined in NASA’s UML-4 ConOps’’ as a flexible
airspace designated for areas of high UAM activity. Typically, UOE airspace (or corridors) will be within a
Metropolitan Statistical Area (MSA), which is defined as including one urbanized area with a minimum
population of 50,000 people. For a particular MSA, the FAA determines UOE locations and performance-
based route attributes; the UOE routes are managed by PSUs in the PSU Network. The main purpose of
the UOE is to enable establishment of performance-based criteria which aircraft must satisfy to render the
airspace “cooperative.” Aircraft intending to operate in a UOE must be subscribed to a PSU to manage
the flight through that airspace, in the same way as if an AAM aircraft intended to fly through ATC-
managed airspace. Most often the UOE airspace will be static and would appear on aeronautical charts
detailing the volume of airspace with associated requirements, but the FAA can modify the UOE as
needed, including modifying boundaries, adding Temporary Flight Restrictions (TFRs), or suspending the
UOE.

Two volumes of airspace associated with vertiports are the VOA and VPV, illustrated and defined in
Section 1. The VOA is the first in the series of volumes that arriving aircraft enter as they approach the
vertiport. For both the VOA and VPV, we assume that the FAA or the community will establish
requirements to determine process, procedures, and equipage for operations in the two volumes of
airspace. In any case, the complexity of the airspace and the potential traffic volumes around a vertiport
will require charting for navigational purposes. Additionally, equipage restrictions within the airspace near
a vertiport will need to be promulgated and “charted” in terms of requirements to enter the vertiport's

proximate airspace.

The VOA is a construct to ensure the safety of high-density flight operations around vertiports. With safety
assurance as the top priority, the VOA imposes several requirements that must be met to operate in that
volume of airspace. Where the UOE feeds traffic into the VOA and VPV, aircraft are already subscribed to
a PSU to receive flight management services. In other cases, the aircraft operating outside the VOA
through see-and-avoid or detect-and-avoid procedures or under ATC control must subscribe to a PSU
before entering the VOA. To ensure adequate levels of safety, prior to departure or contingency redirect
the PSU verifies the aircraft CNSI capabilities to accomplish the intended arrival and departure
operations. An example could be verifying a 5G network communication link with a redundant 5 GHz line-
of-sight radio frequency (RF) link. Another example could be verifying navigational signal and strength in
the VOA. A vertiport may have multiple established approach and departure fixes available, depending on

71“UAM ConOps Overview Feedback”, NASA,
https://nari.arc.nasa.gov/sites/default/files/attachments/ConOps%200verview%20Feedback%20slides %202020.07.15.pdf
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aircraft and flight crew capabilities. Prior to a flight's entrance into the VOA, the PSU will select the most

appropriate fixes according to pad allocation, timing, and aircraft performance.

When the aircraft enters the VOA of the arrival vertiport, the vertiport manager freezes surface resource
assignments, such as a specified landing pad, and will indicate to the PSU that the resource assignments
will not be modified for arrival. Other requirements for operation in the VOA may include increased
frequency of communications, dynamic mapping for potential hazards, in-depth micro-weather forecasts
and real-time weather updates, and GPS validation and verification. Within the VOA aircraft are
independently tracked by the vertiport; bidirectional communication with the vertiport is established;
independent high frequency localization is provided; vertiport status information, hazards, and established
procedures are provided; TLOF pad assignments are provided; and clearances to land are issued.
Vertiports may play a role in providing these additional services or pairing with third party service
suppliers to meet the imposed requirements or exceed them to attract potential clients.

The VPV is tightly coupled with the vertiport’s geographic location, and traffic cannot flow through the VPV
unless the flight has been cleared with the vertiport manager. The objective of limiting the traffic flow is to
reduce the risk of aircraft collision near the vertiport and provide the vertiport manager with additional
control capabilities to manage and optimize use of surface resources. This additional control contrasts
with the operation in the VOA, wherein aircraft can travel through whether or not they intend to arrive at or
depart from a vertiport. The VPV is important to PSUs since they cannot route non-participating traffic or
trajectories through that volume of airspace while the vertiport is active. The vertiport manager must verify
that the conditions needed to enter the VPV are satisfied prior to entry of a flight, such as ensuring that the
intended pad is not occupied or checking for the presence of foreign object debris (FOD) that may
damage the aircraft and onboard payload. Requirements for aircraft entry into the VPV may include more
frequent information sharing, trusted and reliable ground-based navigational aids, and highly accurate
positioning of the aircraft relative to the vertiport.

Inside the VPV will be a single vertiport that may contain several FATO zones. These vertiports may come
in several configurations and sizes, which may be categorized as vertihubs, vertiports, and vertistops, as
described below and illustrated in Figure 8:'°

Vertihub: a vertiport with infrastructure for maintenance, repair, and overhaul (MRO) operations for the
fleet, parking spaces for longer-haul vertical takeoff and landing (VTOL) aircraft, and a centralized
operations control system.

Vertiport: an identifiable ground or elevated area, including any buildings or facilities thereon, used for the
takeoff and landing of VTOL aircraft and rotorcraft.

Vertistop. a vertiport intended solely for takeoff and landing of VTOL aircraft and rotorcraft to drop off or
pick-up passengers or cargo.
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Ground infrastructure (vertiplaces):

> Vertiport

@

Figure 8: Vertiport Configurations (Vertihub, Vertiport, Vertistop)'®

The surface configurations of vertiports will result in different throughput, safety, and noise levels, along
with implications for the total size and cost of the vertiport. This section describes three general models of
surface configurations and their individual properties. A brief high-level overview of the three designs is
followed by a more in-depth analysis. The graphics in this section are informed and inspired by the report
“Analysis of Alternate Vertiport Designs” by Megan Taylor, Asya Saldanli, and Andy Park of George
Mason University.”?

4.2.1 Single Pad Design

The first, and least complex, design is a single TLOF pad surrounded by a FATO zone, as depicted in
Figure 9. This design will have the lowest throughput, cost, and physical footprint of the three designs.
Any available charging, maintenance, or other capabilities will be available at the pad without a need for
the aircraft to taxi. A single-pad surface configuration will be common at smaller vertistops. The low cost
and small footprint will be favorable in urban environments, where space is limited and the cost of land is

generally much higher than in suburban or rural regions.

TLOF

FATO

Figure 9: Example Single Pad Surface Configuration

72 “Analysis of Alternate Vertiport Designs”, George Mason University,
https://catsr.vse.gmu.edu/pubs//IEEEConferencePaper AnalysisAlternateVertiportDesignsICNS.pdf
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4.2.2 Hybrid Design

The second design has a larger footprint than the first, with one TLOF pad and multiple staging areas,
illustrated in Figure 10. Staging areas are outside of the FATO perimeter to allow for services such as
parking, refueling, and maintenance in addition to passenger and cargo loading and unloading. Aircraft
must taxi to the TLOF pad upon arrival or for departures at the vertiport.

This hybrid configuration increases throughput by allowing aircraft to taxi from the pad for turnaround.
However, the use of staging areas results in an increased cost and physical size compared to the single-
pad configuration. A small hybrid design, with only two staging areas, would reduce cost and footprint but
would sacrifice the throughput of hybrid designs with more staging areas. Hybrid configurations will be
common at medium-sized vertiports near urban cores - for example, operations within medical networks

moving patients, equipment, and personnel across the region.

TLOF

FATO

Staging Areas

Figure 10: Example Hybrid Surface Configuration

4.2.3 Linear Process Design

The largest design is the linear process configuration, shown in Figure 11. Aircraft land at an arrival TLOF
pad on one side, taxi to the staging areas for servicing, then taxi to another TLOF pad intended for
departure from the vertiport. The linear process design supports the highest throughput of the three
configurations and has the highest associated cost and physical footprint. Linear process configurations
will predominantly be used for vertihubs on the urban periphery that are capable of moving large
quantities of passengers and cargo.
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Landing Pad Take-Off Pad

\
/

TLOF

TLOF

/
\

FATO Staging Areas EATO

Figure 11: Example Linear Process Configuration

Figure 12 provides a geographic view of the vertiport area, illustrating the VOA, VPV, arrival/departure
fixes, arrival/departure/transition surfaces, and the associated FATO/TLOF.

PLACEHOLDER FOR FIGURE 12

Figure 12: Geographic View of the Vertiport Area
4.3 Operational Stakeholders

This subsection describes the roles and responsibilities of the various stakeholders engaged with the
operational environment, vertiport manager, and VAS.

4.3.1 Federal Aviation Administration

The FAA establishes rules, regulations, and policies for the airspace and the stakeholders involved in
public flight operations. With respect to the role of the vertiport manager, the FAA will establish new
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standards for vertiports of varying sizes (vertihubs, vertiports, vertistops) or modify existing 14 CFR Part
139 Airport Certification standards. Previously, the FAA administered ACs applicable only to heliports that
received Airport Improvement Program (AIP) funding, which proved to be limited. Having regulations
applicable to public vertiports will help to gain trust that public vertiports meet adequate safety standards.
The FAA will also establish UOEs and create the rules for operating in those environments. The FAA will
approve the management of the airspace operations by UAM participants using federated PSU support.
The VAS concept is not dependent upon the airspace structure. The FAA retains its authority for the
airspace and may make changes to the airspace at any time with timely notice.

4.3.2 Vertiport Manager

The vertiport manager, a public or private operator of a vertiport, is responsible for managing ground-to-air
operations at the vertiport, ranging from landside management to monitoring vertiport airside surface
conditions. In the context of this ConOps, the vertiport manager manages the VAS via the Vertiport
Manager Display and supervises the overall status, services, and connectivity to the PSU Network in
addition to overseeing arrival, surface taxi, departure, parking, and other vertiport services on the airside.
The vertiport manager under UML-4 will most often serve as a supervisor of the VAS and associated
services, using the Vertiport Manager Display to monitor contingency or off-nominal scenarios when
hazards arise and to respond appropriately. The vertiport manager also may need to step in for
communications with aircraft, flight crews, PSUs, or fleet operators on an ad hoc basis if equipment at the
vertiport or on aircraft is not operating as expected, or if communication is time-critical to diverting an

aircraft.
4.3.3 Fleet Operator

At the fleet level, the fleet operator is a 14 CFR Part 121 or Part 135 FAA-certified operator responsible for
the fleet and individual aircraft management who manages the schedule of resources and negotiates with
vertiport managers to schedule payload-carrying flights from point to point. At the individual aircraft level,
the fleet operator ensures that each aircraft is safe for flight operations, keeps up to date with
maintenance standards, and performs routine upkeep on a need or time basis. The fleet operator is
responsible for monitoring the aircraft position, timing, and health status of the fleet and communicating
that information to PSUs. The fleet operator must subscribe to a PSU, which serves as the broker or
ANSP, to provide traffic management services for aircraft in its fleet. The fleet operator may subscribe to
any number of PSUs within a geographic region to satisfy business objectives. Aircraft in the fleet may be
manned, remotely piloted, or remotely supervised; in any case, the fleet operator will manage the fleet
from a hub or distributed FOCC, with supporting personnel and automated tools. The fleet operator also
maintains a fleet operator station at a vertiport to connect fleet operations with vertiport surface activities
such as passenger or cargo loading, passenger movement, aircraft servicing, or other operational
support.
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4.3.4 Flight Crew and Aircraft

The flight crew and aircraft are categorized together as a single stakeholder because, depending on the
automation capabilities of the aircraft; in some instances, the aircraft may have flight crew members
perform activities onboard, whereas in other cases the aircraft may be remotely piloted or remotely
supervised. In either scenario, a flight crew manages the aircraft from gate to gate. The role of the flight
crew and aircraft is to safely prepare for and execute the intended mission for an individual aircraft. Duties
involved include preparing the aircraft through pre-flight checks, loading or unloading payload, briefing
passengers, monitoring the performance and health status of the aircraft, performing flight maneuvers and
safe navigation, executing tactical maneuvers, and requesting appropriate clearances. These duties may
be distributed between the flight crew and aircraft, as determined by the fleet operator.

4.3.5 Provider of Services to Urban Air Mobility

The PSU provides strategic and tactical conflict management services to UAM aircraft. Multiple PSUs,
approved by the FAA to provide services, may serve a geographic region. The PSU is the broker between
different stakeholders, such as the fleet operator and vertiport manager, connecting resource supply with
demand. The PSU will help the fleet operator to achieve the user-preferred trajectory and desired timing
while ensuring that the flight plan meets required performance standards of the UOE. The PSU will
provide 4D (longitude, latitude, altitude, and time) flight trajectories for individual aircraft and will monitor
adherence to that trajectory and to performance standards during all phases of flight. Vertiport managers
will provide resource availability to PSUs related to the business objectives of the vertiport manager,
meaning increased availability can be provided to specific fleet operators, PSUs, and air charter brokers,
depending on the business model. Any aircraft operating in the UOE, as well as aircraft operating in the
VOA or VPV, must be subscribed to a PSU. The PSUs adhere to FAA standards on data exchange, data
logging, and adjusting flight trajectories based on issued UOE airspace changes.

4.3.6 Provider of Services to Urban Air Mobility Network

The PSU Network is the collection of PSUs for a particular geographic region providing discovery services
to stakeholders in the ecosystem. PSUs will share information among one another in addition to FAA-
provided data such as changes to the UOE, Notices to Airmen (NOTAMSs), TFRs, or other airspace-
related publicly available information that can be accessed by stakeholders. The PSU Network,
comprising the PSUs serving a geographic region, relies on a digital backbone that connects PSUs to
enable safe, efficient, and scalable airspace operations. The digital infrastructure connecting PSUs
provides visibility into 4D airspace operational intent across the network to strategically deconflict air
traffic. Individual PSUs can thus ensure that a flight plan requested from the fleet operator can be
successfully accomplished within airspace limitations and restrictions across affected PSUs.
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4.3.7 Supplemental Data Service Provider

SDSPs may take various forms, but their fundamental purpose is to provide supplemental data to support
air and surface operations. Traditional functions served by the FAA or other government agencies, such
as broadcast of weather observations and forecasts, will be performed by third-party organizations
providing data as a service. FAA approval may be necessary for SDSPs that provide flight-critical
information to a fleet operator, PSU, or vertiport manager. SDSPs may also provide non-flight-critical data
services to those stakeholders as a potential for add-on fees or additional marketing to attract customers.
Examples of SDSP functions could include providing validated micro-weather data, dynamic mapping of
geographic volumes, surveillance at low altitudes, and information downlink and uplink. SDSPs may plug

in directly to the vertiport manager’s VAS to support airside management.
4.3.8 State and Local Government

State and local governments may impose local restrictions on environmental impact, noise, timing of
operations, energy usage, zoning, or land use to include vertiport locations and uses, or other locally
regulated issues. These restrictions may limit vertiport operations and thus need to be input into the VAS
to bound the services. The requirements would be tracked by the vertiport manager through the VAS and
monitored to notify or alert the manager when operations breach the specified boundaries, such as
exceeding the noise threshold. The vertiport will be tightly integrated with local communities, and the
operator will need to closely monitor adherence to local policies or restrictions to gain community buy-in.
The VAS can provide operational data to the state and local government and general public for

transparency and compliance with locally imposed constraints.

Table 3 presents a summary of the various stakeholders’ responsibilities corresponding to the phase of
flight. The phases of flight comprise several activities that may take place during each phase, since
stakeholders may perform multiple functions in each phase. The table provides a high-level perspective of

the allocation of responsibilities among the stakeholders considered.
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Table 3: Stakeholder Responsible, Accountable, Consulted, and Informed (RACI) Matrix
for Nominal Phases of Flight

Flight . o FAA, State and
Crew and OFlee: ;ertlport Mo;gcanng Local
Aircraft perator anager Government
Pre-Flight R A I C I
Emplane R A C I I
Taxi R A @ I I
Takeoff R A C C I
Climb R A I © I
Cruise R A I I I
Approach R A C C I
Land R A C C I
Taxi R A @ I I
Deplane R A I I I
Post-flight R A I C I

4.4 Vertiport Automation System Services’3

4.4.1 Vertiport Automation Supplemental Data Service Provider (VA-SDSP) Interface

The VA-SDSP Interface is a standardized interface allowing stakeholders to make representational state
transfer (RESTful) API calls to the VAS and to use subscription as a means of direct communications to
and from the VAS deployed at the vertiport. While VAS, the engine for vertiport operations, can be
customizable to serve flexible vertiport manager business models, industry consensus standards will be
needed for the VA-SDSP Interface and data.

A common standard for the VA-SDSP interface is essential for scalability at UML-4 and to enable
interoperability for stakeholders performing operations at vertiports managed by different organizations.
The common standard ensures consistent methods for external stakeholders to make RESTful API calls
to separate vertiports, thus avoiding the need for fleet operators to support different data formats and
messaging paradigms when operating at different vertiports. The VA-SDSP Interface also plays a key role
in assuring the safety and security of data flowing into and out of the VAS. The RESTful Interface allows
stakeholders to receive vertiport resource information such as pad availability at a particular time,

3 This ConOps is a living document that is the basis for derivation of software requirements. The descr[ptions in this ConOps
represent the services as envisioned at the time of publication but are subject to change as software requirements are further
defined and when prototype software is developed and tested.
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provides stakeholders a channel to update arriving or departing flight status, and affords a method for
reservation requests. The VA-SDSP Interface is accessible via traditional ground-based communication
networks, but it also provides a direct wireless communication link connecting the VAS to individual
aircraft near the vertiport. The wireless communication supports sharing of critical information that needs

to be directly exchanged or requires low latency as aircraft approach or depart the vertiport.
4.4.2 Vertiport Management and Resource Scheduling Service

As the core element of the VAS architecture, the Vertiport Management and Resource Scheduling Service
is responsible for determining vertiport configurations, implementing business rules, enforcing community
and government-imposed requirements, and responding to resource requests to strategically allocate and
assign vertiport resources. Resources includes TLOF pads, long- and short-term parking, charging
services, or any other surface resource available to fleet operators. The vertiport manager monitors the
scheduling prioritization algorithm that uses business rules programmed by the vertiport manager to
automate resource allocation. The vertiport manager also configures the decision-making criteria to tailor
the highly automated resource negotiations with PSUs and fulfill fleet operator requests based on their
business objectives. Managers of private vertiports could provide favorable preference to certain partners
based on established partnerships. For example, as with gates at conventional airports, specific staging
areas and charging stations could be owned, leased, or reserved for specific operators to guarantee high
operational tempo in day-to-day business operations. Conversely, public vertiport managers will have
equity built in to ensure equitable resource allocation without bias.

The Vertiport Management and Resource Scheduling Service communicates information through the VA-
SDSP RESTful interface where PSUs pull resource availability information and match it against flight
plans submitted by fleet operators. The service also pushes information such as responses to requests,
status information, pad allocations, vertiport operational status, resource status, or infrastructure health
status for external stakeholder awareness.

4.4.3 Vertiport Manager Display

Vertiport managers will facilitate ground-to-air operations, manage vertiport configurations, and monitor
resource status, infrastructure health, risks, schedule, anomalies, VOA airspace, and all other VAS
services. These functions will be automated for each of the VAS services, with the vertiport manager
placed on or over the loop to step in during off-nominal conditions. The Vertiport Manager Display will be
a physical user interface (Ul) that describes the current state of vertiport operations and provides
sufficiently detailed information to adjust business objectives and configuration settings and help clear
operational anomalies and hazards. The display will use advanced human-machine teaming techniques
to place the vertiport manager in the best position to maintain safe, consistent, and profitable operations.
While many of the routine tasks are automated by VAS services, the vertiport manager will maintain a
presence on site to manage the vertiport and to respond quickly during emergency situations. Low-
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operation-tempo vertiports near a vertihub could perhaps not require an on-site vertiport manager

presence.

Surface resource constraints and contingency scenarios are likely to occur frequently, considering the
high resource usage at the targeted throughput rates. The Vertiport Manager Display will be alerted of any
automated responses to off-nominal scenarios, positioned to adjust resource scheduling while not
impacting the higher-level flow of operations. The vertiport manager will oversee mitigation response
efforts and step in the loop as needed.

4.4.4 Surface Trajectory Service

When aircraft land at a pad at the vertiport, the Surface Trajectory Service will retrieve information from
the Vertiport Management and Resource Scheduling Service to determine taxiway and gate availability
and update a nominal or pre-planned 4D surface tr